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FOREWORD

Rapid advances in technology have been parallcled by the growth in complexity of personnel
subsystems, While technological advancement finds ready cxpression in news media, the techniques
developed for efficient manipulstion of personnel systems suffer the quiet dignity of esoteric journals,
technicals reports, opetating manuals, and the like. Although publicity for the suke of publicity should not
be a goal of the personnel tesearcher, effective systematic methods for communication of the discipline
cerlainly warrant promotion. It was with this intent that the Symposium on Personnel Research and
Systems Advanceément was sponsored by the Personne!l Research Laboratory of the United States Air
Force. The Symposium clinaxed the twenty-fifth anniversary vear of that Laborstory following an
uninterrupted but undoubledly cyclothymic era ~ an era started in 1941 with the Army Air Force and
transitioned to the United States Alr Force with its "birth” in 1947,

Historically, personnel research has assumed a sophisticated pose on the threshold of its own
computer age. Because the great number of people which constitute the military personnel systems,
military planners have been particularly responsive to automated lechniques starting with the punch and
“shulfle” to the point where computerized models are beirig implemented as a matter of course. The great
breakthroughs in personnel systems technology are on the verge of appearance. Then delay is a function of
the need for interactive relationships among many research disciplines, Each study requires the attention of
psychologists, cconomists, mathematicians, operations analysts, and a host of support personnel. Principled
narratives, often ingenius idiosyncratic products, rarely deserve the attention of the effective manager, For
elficient, effective operations, what man knows is of much greater value than what man thinks. New
systems permit the personrel manager 1o record his memories laterally, longitudinally, and with great
sccuracy. Automated systems are not prone to forgeiting,

The program for the Anniversary Symposium was evolved within the constraints of the several
purposes of the event. All presentations were to be made by eminent persons who had been members or
were members of or were in close relationship with the Personnel Research Laboratory. Since so many
prominent persons had formed this population, there was, in effect, no constraint. In fact, the problem was
ane of deciding which of the many should be invited to speak. Topics for the program were gencrated prior
1o the determination of sppropriate speakers, but the individual was then granted complete latitude in his
presentation. Most chose to remain relatively close to the topic suggested, ’

Another idea used in selection of speakers was the attempt to have representation from military,
governmental, business, and academic sources. As might be expected, the military systems are
disproportionately represented. Since the lay personnel subsystems of the military services are lucrative
targets for research and develupment, the representation is not an inequity in a rcal sense. The woik being
done¢ with the military subsystems has almost direct translation to the large corporation. There is no doubt
that many major concerns are initiating programs for computer-based personnel systems dependent upon
inputs in real time. The problem appears to be one of locating managers trained in the many facets of such
programs. The widespread distribution of ideas, information, models, and suggestions presented during the
Symposium should serve an important function in developing personnel researchers, planners, and managers
in both academic and operational settings.

The papers presented have been edited only with the intent of providing sume conunon form for the
reader. Even this design was modified for one paper o keep it in the style appropriate o its disciphne. The
order of presentation of the papers at the Symposiuin has been altered fur the purpose of providing sume
common chapter churacteristics. Admittedly, the conunonness of the chapter breakdowns may not always
be toe apparent.
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In addition to excellent reviews of activities underway in the field of personnel research, there are
some relatively novel expressions for systena advancermnent. Dr. Leiman's suggestions with regard to a new
form of job engineering are highly creative and socially attuned. Dr. Dailey presents s new approach to
mental testing and does 30 with congiderable clarity, Those topics which generally deal with the future of

personnsl resecarch are for the most part in the form of tributes to the USAF Personnel Research
Laboratory.

The evidence 1or candor and frecdom of expression Is quite obvious in the papens by Dr. Carlson and

D1, Carter. In all, the papers folisted the Symposium proceedings most adequately. Thelr contitiued use
thould be equally valuable to &ll those who are fortunate enough to read them,

Angelo L. Fortuna
Sympusium Coordinator
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RECENT PERSONNEL RESEARCH IN THE ACADEMIC WORLD

John T. Cowles
The University of Pittaburgh

Introduction

This review was prepared with the intent of limiting il to
inclusion of work done by persons identifving themiselyes with a
universily and mainly to publications dated unly during the past
yeat or two. University projects done under contract with the
Armed Services ur Guvernmental agencies were alsu excluded, but g
faltly large purtion ot the research to Le comiiented upon was, ot
course, done often with Natlonal Institute of Health (NIH) or other
grants in industrial or business settings. the common laboratory of
persunnel psychologists based in the university. Published <tudies of
university personnel problems involving university employees as
subjects are vare indeed, although college students are sometines
used as convenien: respondents in  published  studies  of
methodological problems.

3t will be noted, tou, that most of the studies cited were

published in the two principal civilian personnel research journals, the Journal of Applicd Py chology and
Persurnel Psycholugy, or in selected recent bovks. The Annual Review of Psychalogy is an excellent
secondary source, but in keeping with a bicnnial topical rotation scheme, each volume contains reviews
only of selected topics, such as Persunnel Selection one year and Personnel Management the next, A few
recent textbouks and handbuoks have been included, since they tepresent a chatacteristic contribution of
university scholars who usually have been involved in research of ther own. There is no well-defined fleld
of personnel psycholugy today. 1o division of the American Psychologics! Association with that ttle, no
standard textbook with that title, it is a composite or blend of varivus specialties investigating problems in
such areas of work and employment as selection and recruitment, classification and placement, job analysis,
job evaluation, organization, motivation and mocale, proficianey  measurement, trainmg, human
engincering, accidents and safety, pay and satisfaction, human relations, training and deverpnent,
scparation and retirement, and so on. The ureas of human relations and organization and motivation have
preatly expanded in recent years, largely through the increased participation of the rapidiy develuping soial
sciences in studies of these particular personnel arcas, Computer technology. simulation, and mathematical
models are also invading the general ficld. The systems apptoach, too, with man-machine systems,
communication systems, organizational dynamics, and the complexities of automated learming have all
changed the face of personnel research. It is utterly fascinating 1o a4 present-day reviewer of the held,
perhaps ¢even @ bit bewildering to one who entered the field of personne! research betore thew new
devetopments had begun to flourish. In fact, we find that some of these developments have hecanie new
specialties of their own, with a language of their own, journals of therr own, and congenial warkers who
sometimes appear preoccupied with sell-fascination if not mutual mystification. So, 1t s with sone
diffidence that 1 peer softly into some of those ganglia of the great nerve net of personiel psy chology of
today,

J Y
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Recrultment and Selection

Within the scope vl this survey of recent tesearch, only one study dealt with recruitment as such, This
study by Carroll (5) concerned the relationship of varjous college graduate characteristics to fecruiting
decisions. Eatlier studies had usually guestionnaited employers regarding their preferential ratings of the
general traits of potental employees, such as intelligence, college grades, extracurricular sctivities, and so
on, This particular study took 2 more direct tack and assessed the characteristics of 211 male gradustes as
showit trore objectively in theit records, plus s rating of their appearance in the official photugraph on file.
it wus folnd, incidentally, that this latler mating could be reliably done on the general scale dubbed
“appeatanice.” These assessments included sge, grades, height, nwjor field, marital itatus, fraternity
membership or not, military draflt siacus, leadership positions in college, membaisliip in college
organisations, work cxpliieswe, work preference, weight, and weight-height ratio, Criteria of recruitment
success included such items 48 numbers of visit offers, job offers, visit-interview ratio, job-visit ratio, and a
combined criterion. Only three of the sssessed trajts related significantly to any of these five criteria:
marital statuy, appearance, and office experience. Appearance alone correlated significantly with as many as
thiee of these cnteria, with coasistently low pousitive correlstions. In short, what employers have
traditionally rcported they value as to college graduates’ characteristics, namely, intelligence and grades
rather than employment experience or test scores, is hardly in accord with their actusl recruilment
practices.

Selection studies seem tu have become somewhat more wphisticated, but thelr resuits are hurdly
mote successiul or proinising than the fuzzy studies of a decade ago. But there are distinctly encouraging
signs. Not often do we find today the former one-nan style of “criterion development,” but rather
multidiscipline criterion analysis, especially among motivational or soclal variables, rather than among the
well-warn cognitive and skill variables of the past. Global criteria, with a single measure of *job success,”
are quite sugpect today. But | must admit numerous studies still resort 1o easy criteria, such as supervisors'
ratings of managers’ effectiveness, and take for granted that these criteria have some kind of uitimate or
intrinsic construct validity without further empirical verification. Who is 1o argue with the boss? Nask (42),
for example, developed an empirical Strong Vocational Interest Blank (SVIB) key for predicting executives’
averall rankings of manageriat effecliveness, using a sample of 461 managers from 13 varied Minnesota
compames. The 57 items showed a correlation of .33 on a hold-out sumple, Of note was the desciiption of
interest patterns shown by lie valid items: effective managers scemed to be characterized by interests in
independent and intcnsive thought, tangible oulvomes, physical and social activities, some risk, less
regimentation of time, interest in non-technical and non-agricultural pursuits, and less interest in activilies
requiring long periods of attention and concentration on details, as well ax less interest in service-oriented,
humanitarian-oriented, and esthetic pursuits. The author concludes that such a study of interest patterns of
effective managers shoulo be of help in vocational guidance or possibly in selection, We might add that an
analytic view of the criterion *“effective’ would be essential before we could put to work these results on
interest patterns.

Another recent study by Schietzer (48) explored the relationships between standard (and
appropriate) SVIB keys and three job satisfaction inventories for 185 male graduates from various
professivnal schools, using SVIBs that had been filled out while the subjects were in the 12th grade, as well
a1 current SVIB retakes, Of the 56 relationships investigated, only one correlstion was significantly
different from zero, namely the SVIB engineering key and the Job Diinension Inventary for the engineering
subsample. Although the later SVIBs showed greater congruity with the appropriate occupational interest
keys, they were no closer to present job satisfaction than the earlier SVIBs, These results are hardly
promising but are in accord with other studies of the relation of standard keys of interest inventories and
ordinary messures of job success. Somewhst more successful was » study by Megargee and others (40)
relating the Califarnis Psychological Inventory (CP1) dominance (DO) scale 10 a prson's assuraption of a
teadership role, or his not assunung that role, in a paircd-person problem situstion requiring one of the pair
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tu srve ay leader. When the problem instructions emphasized the task itself, oaly a ¢'ance proportion of
high "dominanve'" types assumed 15¢ 1.0 role. whiciedi, when the insiructions emphmized the iradership
tole, the persuns with high DO wores sssumed leadership in 90 por con ot the pairs. We may conclude that
thiy CP1 scale was predictive in this situation, Now, why oh why, will not this investigator or someone else
try out this appatently promising personality scale in other situations? We can only hope.

Guion and Gottier (24} have, in fact, made & recent summary of validity studies of personality
measures in personnel selection, They found that only about onethird of recantly reporied studies
bothered to check predictive validity, and only in seven of the 30 studies in that one-third had the
researchers troubled to perfom a crom-validstion, Of the studies published in the Journal of Applied
Psychology and Persunnel Psychology, in the enlire |2-year period (1952.1963), something lesy than
one-eighith of the validity studies resulted in significent coefficients. There was no ¢lear pattern of sulisbie
criteria, and the few significant validities were associsted with custom-built instruments for particular
situgtions. The suthors of this review concluded that raw 2mpiricism is still & better tool, that is,
reszarch-based selection test development, rather than the application of existing “'standard” instruments.
In short, we can only agree with them that “some personatity instruments may work for some purposes in
some situations,” but dor't count on it! A very recent general review of occupational sptitude tests and
their validity has been published by Ghiselli (18),

Some of the newer techniques, like the Frederiksen in-basket technique, have not proved as fruitful as
we might have carlier anticipated. Two other general reviews tend to concur with these discouraging general
conclusions, namely the 1963 review by Dudek (11) snd the 19635 review by Biesheuvel (2), both in the
Annugl Review of Psychology. For example, the latter cites the evaluation by Locke and Hulin (36) of all
available validity studies of the well-publicized Activity Vector Analysis, in which it was found that in only
two out of the 18 studies were the piocedures adequate for validation of a presumed indusirial selection
technique, In neither of thois ‘wo studies was the presumptive device of sufficient validity to b2 of any
practical use for its intended selection purpuse, namely selecting insurance salesmen. He also mentioned the
similar negative evalustions by Campbell and co-workers of various devices for selecting high-level
personnel, including the unhappy finding that even objective cognitive tests had no useful relation to
supervisors’ ratings of intellectual functicns,

It is apparent, even granting that we might find adequate criteria and develop likely predictors, that
our classcal validation models, based on simple correlation or ordinary multiple correlation, are cutmoded.
We thould be seeing in the near future some fair trials, in practical personnel selection or classification
problems, of the more powerful computerized multivariate techniques such as canonical correlation, which
can handle the numerical complexities of multiple prediction of multiple measures of the criterion, Horst's
(27) new irestise on factor analysis of data matrices is a major scademic contribution in this ates and
thould have wide applicability. However, it appears that we have not yet developed equally advanced,
systematic approaches to identifying and measuring the more significant criterion behaviors. The present
reviewer thudders at some of the recently reported applications of high-powered computer techniques to
trivia! dats, such as a principilcomponents factor analysis of items in a rating scale, based on only a
handful of respondents! We shall have to endure a coming rash of ill-advised studies using these magnificent
data processing and computing techniques, solaced by the hope that a nugget may turn up among these
studies. Some interesting selationthips have been discovered in the recently popular search for moderator
variables, but we still need more systematic approaches, perhaps insights, to their discovery and use.

Studies of Techniques and Methodology
There cortinue to be published new variations of old measurement technigques, for example in

studying the cues used by interviewers. Maier (38) had s person act the role of an honest or dishonest
interviewee, and he discovered that untrained interviewers could detect the dishonest interviewee but could




™

not identify the relevant cues, This suggests that we might seek out and study such cues more thoroughly to
determine the bases of interview judgments, and perhaps thereby increase the validity of the interview as a
predictive device, In another study by Blumberg and others (3), various rating scale formats were compared
and evaluated. It was found by analysis of variance that there were no appreciable differerces, in an actual
ticasurement situation, among formats of different direction (up-down, left-right), graphic or numeric, and
whether the traits were rated one at a time, or the ratees one at a time fo; all traits, or whether the rater
was pernmilted a free choice of order. We do wonder a bit if the results were much affected by the kind of
rater (college students) or choice of persons to be rated (Lincoln, De Gaulle, Liz Taylor, Khrushchev, etc),
However, o studv by Feters and MeCormick (44) compared the reliability of numerically anchared and
job-task anchoted rating scaler and found the lattes type significantly mote reliable. This latter study, by
the way, was part of a larger and rather impressive study of various types of scales for the rating of job
activities, which has been carried out at Purdue by these men. Findley (14) has contributed s siew index of
mulual accepiance of individuals in a group, which may have useful application in personnel research.
Under his assumption that certain best groups are those in which there are no isolates, the index puts a
premium on mutual ratings where all individuals are chosen relativaly as frequently, rather than where a few
distinc.ive ones get all the votes. It is a clever index, similar to his earlier Index of Participation and is called
the Index of Assimilation, He illustrates its use with live data and provides a tentative nonnative scale for
interpre tacion,

1t was gratifying to find at least one study on research methodology, namely, by Rosen and Sales (46)
on the effects of behavioral field research on the work performance of factory emiployees. This study firsi
noted r.o effects of chservational or survey reseaich operations ont overall worker productivity: but when
certain hypothesized moderator variables such as age, urban-rural, union activity, and F.scale
(authoritarianism) scores were investigated, it was found that at certain levels on these variables workers
wers significantly affected and the productivity results thereby contaminated. In general the workers who
were either younger, or rural, or more active in the union were the oues more affected; however, no
differences were associated with F-scale scores. This study, like some of the earlier vnes by Ghiselli, not
only illustrates the usefulness of the moderator-variable approach plus insights, but also is a lesson to other
research workers who might claim no significant effects of a given variable just because it produces no
overall effect,

Before teaving this section on technigues and methodology, we should note that academic personnel
psychologists commonly contribute, in the fonn of textbooks, scholarly work of considerable value in the

- training of new workers in fields of personnel psychology, and in summarizine aspects of those fields. An

example would b2 the excellent new text on personnel testing by Guion { _..), or the recently revised
general texts on industrial psychology by Gilmer (19), by Maier (37), and by Tiffin and McCormick (51).
There are also numerous excellent texts in the more specialized sub-fields, such as Ernest McCormick’s
second edition of Human Factors Engineering which appeared in 1964 (McGraw-Hill). A book of quite a
different type but worthy of special rote is the newly enlasged second edition of that stimulating
application by Tronbach und Gleser (10) of decision theory in the use of psychological tests for personnel
decisions. This book has practical and theoretical values for anyone involved in appraising manpower costs
or utility in selection or placement. We shall later mention other specific works, often combining
scholarship and original research, dealing with theory of organization, group process, motivation, and so on.
There is alsu 2 quantity of less notable but nonetheless necessary books, written by academic psychologists,
at simpler levels of discourse for explaining the technical field to the busy executive or other laymen.

Training
No attempt was made to cover the enormous field of training in this hrief review. Excellent

summaries are found recurrently in the Anrual Review of Psychology cnd tl-> Review of Educational
Research, although these deal mainly, o1 the one hand, with the more fundamental levels of
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experinentation and theory, and on the other hand with applications to the clussroom situation.
Progra.nmed learning, automasted learning, sensitivity training and other new techniques of learning have
been greatly stimulated by academic, laboratory research, even animal studies on operant conditioning, for
example, while further stimulation has come from other sources and certainly from current needs to mauke
teaching and leamning more effective in the face of teacher shortages. A recent conference summary by
Glaser and participants (20) on training research is a notable collection of reports and viewpoints on the
present status of Gaining résearch in a wide vasiely of personncl ficlkds, Academic research is well
represented, The monumental handbook edited by Gage (16), summarizing research on teaching, should
not be overlnoked. It has obvious applicability to personnel training programs and to the proper study and
evaluation of methods of instruction; it is more pertinent to tiaining research than its title may suggest.
Other useful ideas for new training methods have come from such unlikely sources as the laboratory
metnod, or the practice of psychotherapy in the form of psychodiama or, better, “role playing" Schein
and Bennis (47) have developed a “Iaboratory” training method of broad application, with fascinating
possibilities for observing and evaluating personnel development, ard personal and organizational change.
Corsini, Shaw, and Biske (8) have written up role playing in business and industry, with practical
illustrations of a how-to-do-it kind that suggest applicability to personnel program needs from diagnosis and
information concerning individual or group functioning to executive leadership training. However, we
hasten to add, we would now like to see some solid research on the actual validity of this often entertaining
technique, Are its promises fulfilled? Admittedly there is a constant need for a bridgiug effort on the past
of psychologists to determine training requirements in applied situations, to seek out those reseatch
findings that may be useful, and thcn to translate and apply them with experimental cautions. But how
often is the user’s faith substantiated by more than enthusiasms? It is my opinion that the academic world
has set a rather bad example, in the past, of perpetuating old or intreducing new methods of education
without adequate evaluation. Rather glaring examples can be seen in medical education, where jarge
foundation subsidies have been made for new curricular ventures without providing for fair evaluation. The
retrospective looks have resembled rationalization of the changed methods. On a more optimistic note, the
new educational research and development centers on several of our university campuses have attracted
hrilliant young investigators with a cool eye to evaluating new methods before applying them in the
educational -ituation. These centers will bear watching by business, industry, and the military
establishment. Another significant evelopment in the academic world, as educational costs frighteningly
increase, is the new look at dollars-i~ 1-cents educatioral input and output. Faculty and administration are
teaming to find ways {» make universit icational programs less of a losing venture.

Motivation, Success, and Satisfaction

The complex‘relationships among motivation to work, job performance, and jcb satisfaction variables
have become the focus of a greatly augmented bulk of personnel research in recent years, We have found
out, through research, ¢hat there is nc simple relation between pay and productivity, pay and satisfaction,
and so on. With a growing realization of the complexity of human factors in the work situation, new
2pproaches and various newly interested disciplines are now irvestigating these relationships. Psychologists
are studying needs and satisfactions, response styles, expectations, frustration, conflict, and the like;
sociojogists are studying social and community and cultural factors; human engineers are studying the fits
and misfits, and the why of these, in man-machine systems; economists are studying pay plans, personnel
benefits, and other perquisites not alone with iegard to profit and loss but also with regard to the context
of industris) aspirations and development. The waters are indeed murky but well agitated.

Representative studies during the past year or so reflect the amazing variety of current problems and
approaches, Ghiselli (17), for example, investigated the maturity of self-perception of managers and found a
curvilinear relationship; it is more important for success for the manager 1o have a pattern of self-perception
that corresponds with others of his own age than characteristic of younger or ulder managers, By an
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ingenious checklist of paired adjectives of equal social desirability or undesirability, he was able to specify
the significant differences between the self-percepts of older and younger managers, Hulin and Smith (30)
found that women tend to be less satisfied than men ‘with their jobs, but that it is probably a function of
associsted variables, such as salary, place of work, hope for promotion, and qualification level, rather than
any sex difference as such. Hulin (28) 3l20 studied the relationshipe of such community characteristics as
prosperity, slums, unemployment, productive farming, and community dacrepitude to job satisfaction and
productivity. He found that average satisfaction scores were unrelated 1o group productivity but were
negatively related to the prosperity of the community. Pay satisfaction icores tended to be more negatively
related to the prosperity of the community than did the other aspects of job satisfaction. It seema thatina
poor community the job alternatives are so few and so unattractive that the workers remain more satisfied
than their counterparts in a more prosperous conununity, with its sttractive competitive opportunities for
employment. In short, community characteristics may be moderator variables in the relation beiween pay
and satisfaction, In similac vein, Centers and Bugental (6) found that the perceived relative values of
extrinsic and intrinsic job components are reluted to job levei; the higher the job level, the higher the
worker values the intrinsic job components; the lower the level, the more the worker values the extrinsic
job components, Sex differences in these relationships were found to be negligible; however, women tended
to place a higher value on “good co-workers,” while men placed a higher value on “spportumity to use
talent or skill.”

Hulin (29) found that job satisfaction scores of women clerical workers might predict turnover, since
those that left the job had had lower satisfaction scores, and these were based on attitudes toward work,
pay, promotion, co-workers, and supervision. Lawler (34) found that ability is a moderator variabie in the
relationship between managen’ perception of the relation between performance and pay and his actual
performance as rated by supervisors. Among high-abilit’ managers, there is a clear relation between their
perceptions of job factors important in pay determination and their job performance, whereas among
low-ability managers, there is no apparent relation of this kind He concludes that the muitiplicative
concept seems to be corffirmed, namely, that job performance is a function of ability times motivation,
Lawler (35) further studies the relation of mansgers’ attitudes toward how their pay is determined and their
satisfaction. He found that high dissatisfaction was associated with a lack of congruence between the
manager's attitude toward how his pay should be determined and how it actually was determined. In
general he confirmed that there may be little relation between an incentive pay system and the workers’
perception of the incentive values of such a plan. - - _

Eran (13) studied the relationship between s. lf-perceived personality traits and job attitudes among
middle-level managers. He found that managers scoring higher on personality traits believe they are fulfilling
their inner psychological needs (Maslow variety) to a greater degree, and perceive more job satisfaction in
terms of those same traits. It appears that they are more satisfied because their abilities are more
compatible with job requirements as self-perceived. Paine and others (43) studied the need satisfactions of
managerial level personnel in a Government agency. First, he compared field managers with office managers
of similar level; he found that the former obtained greater satisfaction with certain higher-level needs, such
a3 self-esteem, development, and independence of action. He also compared these results with the need
satisfactions reported by managers of similar level in nongovernmental organizations. The satisfaction of
the Government managers was less across all need items, including social needs and need for security, than
the satisfaction of private managers. However, an impending “eduction in force (RIF) in the Government
agency may have been influential in the latter results. At an.y rate, information of this kind would be useful
to those who are either counseling or selecting potentia’ managers.

Weissenberg and Gruenfeld (54) have been investigating the complex relationships among leadership
dimensions and cognitive style, in a civil service setting, using various paper-and-pencil instruments. One
measure, Witkin’s Embedded Figures Test (EFT) seemed quite promising, since it reflects an objectively
measurable personality dimension called “field dependency” and can hardly be faked; it shows a substantial
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curvilinear relation (eta = .87) with Fiedler’s rating form “Esteem for the Least Preferred Co-worker™
(LPC). It was found that Fleishman's Leadership Opinion Questionnaire (LOQ) is highly susceptible to
faking. The same investigators have also been studying such variables as supervisory chsracteristics and
attitudes toward performance appraisals (22). Supervisors high in accepted supervisory qualities aré more
favorably disposed toward the appraisal and development of their subordinates, ¢ven when the appraisal
scores of those subordinates has little to do with pay and promotion {(as sesins (o happes in a civil service
situation). The best predictors of attitude toward the sppruisal system and corrective use of it were certain
scales of Ghiselli's Self.Description Inventory and Fleishman's Leadership Opinion Questionnaite, rather
than such old standbys as age, intelligence, or F-scale scores. in fairness to these active research workers, it
should be mentioned that they do appear to be interested in the basic behavioral processes as well as in the
correlational data. Gruenfeld (21) also recently investigated the bases of favorable attitudes toward a
manageinént development program and found that when it was contsibulory on the part of the employee,
the perceived benefits were significantly increased. A related study s the one by French, Kay, and Meyer
(15) who found that when employees really participate in planning their own development, not just think
they are participating, then the various indices of satisfaction and improved human relations with
supervisors show gains. In concluding this section on empirical studies of factors in job success or job
satisfaction, we should cite some outstanding reviews of the research literature in this area. Nash (41)
recently reviewed 47 published articles on the vocatiunal interests of effective managers. He noted that the
standard scales of the Kuder Preference Record and the Allport-Vernon-Lindzey Study of Values when
used for predicting managerial success are superior to the standard scale of the Strong Vocational Interest
Blank. Additionally, he pointed out the familiar faults in the great bulk of such validation studies: lack of
cross-validation, low Ns, and flimsy documentation, even in the more widely publicized studies, Sells (49)
and Porter (45) have prepared the latest reviews on Personnel Management in the Annual Review of

Psychology.

Theories of Motivation in the Work Situation

There have been several recent contributions to theories of motivational factnrs in the work situation,
but none has been either consistently supporied by the experimental literature or has had sufficient
generality to be of truly landmark quality. The theoretical formulations of Herzberg and associates, in
various published articles since 1959, lave now been given more formal presentation together with selected

__experimental evidence by Herzberg in his recent book of embitious title, Work and the Nature of Man (25).

His theoretical constructs have been controversial for some tine, and within 2 few months of this
publication at least two new studies have been reported which seem to refute Herzberg's two-factor theory
of “motivators” (intrinsic influences) and “hygienes” (:xtrinsic influences) as differential sources of
satisfactions and dissatisfactions. Burke (4) had college students rank their perceived importance of five
motivators and five hygienes, and Coombs’ unfolding technique was used to scale the data, There was no
evidence of two independent factors underlying job satisfaction and job dissatisfaction. He also reviewed
the experimental literature, and among 14 relevant studies failed to find evidence in support of Herzberg's
theory. The second study was by Wernimont (55), who obtained responses to forced-choice ~ free-choice
items presented to 50 accountants and to 82 engineers~where the items concerned past satisfying ot
dissatisfying job situations. Both groups endorsed more intrinsic than extrinsic items when describing both
kinds of situations, and there was no evidence that either category of variables was unidirectional, as
posited by Herzberg. Expectations have a strong influence on the extent of satisfaction with job factors,
Another more comprehensive survey of work and motivation theory will be found in the recent book by
Vrcom (53), Other contributions to motivalion theory are numerous in the context of other subfields of
personnel psychology, for example in discussions of organizational behavior cited below.
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Organizational Behavior and Theory

Under this caption has fallen the greatest proportion of recent studies by academie research workers
that have come to our attention. |t reflects the markedly increased interest in social psychology aspects of
the employment situation by the various soclal selences, along with computer technologiste and applied
mathematicians, who have also turned considersble attention to the development and exploitation of
mathematical models of group and management behavior. It has been an astoundingly blossoming field and,
now, almost a specialty in jtself. A few very receni empirical studies will st lesst illusiraie the diversity of
interests, Jerdee (31) has neatly studied work-group versus individual differences in attitude Yo help answer
the question, *!1s attitude varlability a function of group ot individual variability?” From a sample of 190
employees representing 38 work groups in three manufacturing plants, he obtained résponses to & “Triple
Audit Employee Attitude Scale,” developed at the University of Minnesoia. An analysis of variance showed
that group differences in attitude were insignificant compared to individual differences; the author
concluded that the appropriate unit for study of such attitudes is t\:e individual rather than the group. The
attitudinal statements, by the way, did include group-related job factors such as supervision, as well as items
concerning the work itself,

Another study, this one by Dunteman (12), explored the interrelations among 84 variables pertaining
to company organizational characteristics, management attributes, incentive conditions, worker
characteristics, personnel performance, and organizationa! functions, A multiple-choice questionnaire of 84
items was the source of data, drawn from 234 responding personnel directors at as many different
manufacturing firms. Interestingly, this was only an 8 per cent retumn, the best that could be retrieved from
almost 2,000 companies solicited! A factor analysis, with rotation to simple structure, indicated that there
might be 14 factors, such as size of organization, economic growth, tardiness vs. family vesponsibility (a
bi-polar factor), pay-skill level, personnel tenuse, and 30 on, Curiously, productivity, job sversion, and theft
were mutually independent. A third study by Shore (50) focussed on the role of the arbitrator, again using
questionnaire returns based on 25 statements, from a sample of 28 accredited labor arbitrstors, 33
management representatives, and 40 union officials. Major dimensions of the arbitrator's role as perceived
by each of these three groups were defined, after a cluster analysis of items which resulted in these §
clusters: adherence to precedent (favored by the arbitrators themselves), prophylactic purposes (favored by
management), liberality (favored by management), elicitation of facts (also favored by management), and
procedural formality (favored by- the arbirators).. In each instance except the last. the other two
respondent groups were sigi-ificantly lower in preference, although they might not have differed
significantly between themselves.

Many of the relevant stud‘es in this organizational area have been reported in books which present
organizational theory together with empirical evidence or illustrations. Theory in these books has ranged
widely, and perhaps a bit wildly, with such facets as the following: organizational stress (33), ingratiation
(32), small group process (26), sociological factors (52), optimization in the work situation of the criterion
values of our society (1), and group processes in decision making (7), plus some of our earlier references to
theories of worker motivation. Perhaps the time has come, in view of the mass of wellselected ()
supporting dsta in each instance, to attempt an integration of these partial theories into something more
embracing, and look for the gaps or inconsistenci¢s in more general theory. Certain mathematical models
are being developed, of varying promis¢ or practicality, especially in regard to small group behavior, as
notably reported by the Stanford group and persons of related interest (9).

In closing we shall dase to cite a new publication which we have not yet seen, but which the
publishers indicate will be very useful to workers in this last hugh area of personnel psychology: Handbook
of Organizations under the editorship of J. G. March (39). This is promised as an extensive general survey of
theories and methodologies relating to organizational and interpersonal behavior. 1t wil) have 1o be, | might
say, the review to end my own review.

[ ——

TR L

e AR e e

.




P NP

10.

11,
12,

13,

14,

15,

16,
17,

18,
19,
20,
21,

22,

REFERENCES

Buss, B.M. Organizational psychology, Boston: Allyn & Bacon, 1964,
Bieshenvel, S. Personnel selection. Annu, Rev. Psychol,, 1963, 295-324,

Blumberg, H.H., DeSoto, C.B., & Keethe, J.1.. Evaluation of rating scale formats. Personnol
Psyrhol,, 1966, 19, 243-2%9,

Burke, R.J. Are Herzberg's motivators and hygienes unidimensional? /. appl. Psychol.,
1966, 50, 317-321.

Carroll, 8.3, Jr. Relationship of various college gradute characicristics 1o recruiting decisions,
J. appl. Psycbol., 1966, 50, 421-423.

Centers, R, & Bugental, Daphae E. Intrinsic and extrinsic job motivation among different segments
of the working population. |. appl. Psychol,, 1966, 50, 193-197.

Collins, B.E, & Guetzkow, H. A sucial psychilogy of group process for decision muking. New
York: John Wiley & Sons, 1904,

Corsini, R.J., Shaw, M.E., & Blake, R.R. Roleplaying in business and industry., Glencoe, 111
Free Press, 1961

Criswell, Joun H., Solomon, H., & Suppes, P. (Ed) Mathen.atical methods in small group processes,
Stanford, Calif.: Stanford Univ. Press, 1962,

Cronbach, 1..). & Glener, Goldine €. Psychological tests and personnel decisions, (2nd Ed.)
Urbana, Ill.: Univ. of lllinois Press, 1965.

Dudek, E.E. Personnel selection. Annu. Rev. Psychol., 1963, 261-284.

Dunteman, G.H. Organizational conditions and behavior in 234 industrial manufacruring
organizations. J. appl. Psychol., 1966, 50, 300-305.

Eran, M. Relationship between self-perceived personality traits and job attitudes in middle
management. |. appl. Psychol., 1966, 50, 424-430.

Findley, W.Gs. Group vs. individual sociometric retations. Inil. |, of Sociometry and Societry,
1966, 5 (1-2), 6066,

Freach, LR.P., Jr.. Kay, E., & Mever, .LH.  Participation and the appraisa! system, MHuman
Relations, 1966, 19, 3-20,

Gage, N (Ed.) Handbook of rescarch on teaching. Chicago: Rand McNally, 1963,

Ghiwelli, E.E, Marwrity of self-perception in relation to managerial success. Personne!
Psychol,, 1964, 17, 41-48.

Ghinelli, E.E, The validity of occupational aptitude tests, New York: Wiley. 1966,

Gilmer, 8. vos H. (Ed)) Industrial psychology. (2nd Ed.) New York: McGraw-Hill, 1966.
Glaser, R. (Kd.) Training research and cducation, Piusburght Univ. of Pitesburgh Press, 1962,

Gruenfeld, L.W. Effeces of tuition payment and involvement on benefit from & management
development program. [. appl. Psychol,, 1966, 50, 396-199,

Gruenfeld, L.W. & Weijusenberg, . Supervisory characteristics and attitudes toward performance
appraisals. Personne! Psychol., 1966, 19, 143-151.




i
L,
L
i
.
h

23.
24,

25.

3l

32,

33.

M.

35,

37.

39.

41.

42,

43.

44,

References ( Continund)

Guion, RM. Personnel testing. New York: McGraw-Hill, 1963,

Guion, R.M. & Gowier, R.F. Validity of personality measures in personnel selection. Personmel
P.l)w:bol., 1%3; 18, 135'16‘-

Herzbrrg, F. Work and the nature of man. Cleveland, O.: Wotld Publ., 1966,

- Hopkins, T.K, The exercise of influence in smaii groups. Totowa, N.J.! Bedminster Prens, 1964,

Homm, P. Factor mmalysis of data matrices. New York: Holt,Rinehart & Winzton, 1965,

Hulte, C.L. Effects of community characteristics on measures of job satisfaction,
]. appl. Psychol,, 1966, 50, 185-192.

Hulin, C.L. Job satisfaction and tumover in a female clerical population, J. appl. Psychol,,
1966, 50, 260-285.

Hulin, C.L. & Swith, P.C. Sex diffetences in job satisfaction. ]. appl. Psychol., 1964, 48,
88-92,

Jerdee, T.H. Work-group versus individual differences in attitude, ], appl. Psychol., 1966,
50, 431-433.

Joues, E,E, Ingratiation: a social and psychological analysis. New York:
Appleton-Century-Crofts, 1964,

Kaha, R.L., Wolfe, D.M,, Quiaa, R.P., & Snoek, J.D. Organizational stress: Studies in role
conflict and ambiguity, New York: Wiley, 1964,

Lawler, E.E., Ill. Ability as a moderator of the relationship between job attitudes and job
performance, Personnel Psychol., 1966, 19, 153-164,

Lawler, E.E., lIl. Managers’ attitudes toward how their pay is and should be determined.
]. appl. Psychol., 1966, 50, 273-279,

- Locke, E.A. & Hulin, €.L.. A ;eview and evaluation of the validity studies of Activity

Vector Analysis, Personnel Psychol,, 1962, 15, 25-42,
Maier, N.R.F. Psychology in industry. (31d Ed.) Boston: Houghton-Mifflin, 1965,

Maier, N.R.F. Sensitivity to attempts at deceptian in an interview situation. Personnel
Psychol,, 1966, 19, 3366,

March, J.G. (Ed.) Handbook of organizations. Chicagox Rand McNally, (No date).

Megargee, E 1., Bogart, Parricia, & Anderson, Benty J. Prediecion of leadership in o
simulated induscrial cask, J. appl. Psychol., 1966, 30, 292-295.

Nash, A.N. Vocational interests of effective managers: A review of the literature,
Personnel Psychol., 1965, 18, 21-37.

Nash, A.N. Developament of an SVIB key for selecting maangers. [. appl. Psychol,,
1966, 50, 250-254.

Paine, F.T., Carroll, S.J. Jr., & Leete. B.A. Need satisfactions of managerial level
personnel in & government agency. J. appl. Psychol., 1966, 50, 247-249,

Peters, D.L. & McCormick, E.J. Comparacive reliability of numerically anchored versus
job-task anchored rating scales. ). appl. Psyzhol., 1966, 50, 92-96,

10

et e 8 e 0 e o it S i ae— -

e

et e e - e

L e s —— e o




L

G

APEPREPe:

43.

47,

4.

5l

52,

33
54,

55.

Beferencen (Continued]

Porter, 1..W, Pecionnel management, Annu. Reeo Psychel,, 1966, 395-422,

Romea. N.A, & Salen, 8.M. The effects of behavioral field research on the work petformance
of fsctory employees. |. appl. Psychol., 1966, 30, 163-17t,

Schein, .1l & Beanin, W.G. Personul and vegunizational change through group methoids:
The laboratory dpproach, New York: Wiley, 1905,

Schietzer, Yera M. SVIB as a predictor of job sasisfaction. . appl. Peyedol, 1965, 30,
3.8.

Sells, $.B. Personnel management. Annu, Rer. Psyehol, 1964, 399420,

. Skore, R.P. Conceptions of the arbitrator’'s role. f. appl. Psychol,, 1966, 50, 172-178,

Tilfin, J. & McCormick, E.J. Industrial psychnlogy, (5th Ed.) Englewood Cliffs, N.J.:
Prentice-Hall, 1965,

Turner, A.N. & Lawrence, P.R. Industrial jobs und the wotker. Boston: Harvard
Univ. Press, 1965,

Vroom, V.H. Work and motivation. New Yark: Wiley 1064

Weinsenberg, P. & Geuenfeld, 1.W. Relationships among leadership dimensions and cognitive
style. J. appl. Psychol., 1966, 50, 392-395.

Wernimont, P.F. Intcinsic and exuinsic factors in job satisfaction. J. appl. Psychol.,
1966, S0, 41-50,




e

RECENT ADVANCES IN PERSONNE L PSYCHOLOGY IN INDUSTRY

Harold A. Edgertion
Performance Research, inc.

The purpose of this papet is tu take 4 look at advances,
changes and trends m Personnet Psychology in ind -stry, 1t is not an
attempt to cover a specific period of years, but «: ther to touch o
thuse things thut seem to be reflecting significant develupments and
pointing to needed rescarches that may be showing just over the
horizon. 1t may be that we could hasten the exploitation ot some of
these.

In the arca of persannel selection, there has been little or no
change in the validity of aptitude tests over a long period of years,
certainly over the last twa or three decudes. We have a great many
Journal articles reporting the validity coefficients for varivus tesis in
various situations, Theee i3 need for such studies and such
publication te continue: but there i alse need for more adequate
analysis of the criterion, vl the jub situation, of the employment
market, and of the value system used by management in order to
generalize from this kind of information, Otherwise, we have unly a list of applicabilities of tests in specific
situations, and these situations are seldom described adequately, This is g “fact of lite™ racher than a
professin o fallure,

With regard 1o the validuy of tests: correlation coelficicats up-to 65 ur .70 are sometimes obtained,
but we become suspicious of those coefficients above .70, wondering in what ways there may have been
error or bias in the messusentent process t produve such coefficients; on the other hand we act as it ideally
tiere should be a4 cortelation of unity between aptitude tests and job performanee, As yel, we have not
seally fuced the question as to what extent ane expects to find all of the fuctors affecting quality of
on-thejub perlonmance within the bounds af the skin of the individua! worker and, henee, (o be available
as predictons,

Personnel testing in industry is undergoing considerable reexamination, There are issues regarding the
apphicability of aptitude tests to the cuhorally deprived. to the dissdvantaged, (o minonty groups, to
Janguage-handieapped groups, and ~o on. The approaches 1o this problem have not gs yet clarified into
trends, unless it is the recognition that measurement must be suited o the situation, Aptitude test scores,
hy thew nature, are atfected by the prior experiences did learning of those taking the test, We see no good
way of removing thise portions of the varianiee in test scores which are due to ecoBomic ur social
diadvantage, or to ditferent esperiences, o 1o a lack of appropriate experiences. This points o the need
tor improvement in the interpretation of wores, the interpretation adupted or adjusted by level of test score
and by the kind of idividuals for whom the scores are being applicd. A second type of effort is (o develop
o ubtain sty appropriate to the Kind and group, For example, tests with high verhal content may not be
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the best uteasures of the ability of those who drupped uut of schoul belure becoming substantially literate.
Use of such tass must be based vn proper valldalion, Both the proponents and vpponents of the use of
aptitude tests in the hinng and plucement ol disadvantaged groups séen to agree that empirical validation is
necessary.

There i3 & problem related to the fact that with appropriste laining, there is o substantial
improvemeat in sptitude test scores, With these changes, do we get contesponding change in the jub
poiential or job perfosthance potentlal of the individuais? 1| would like to believe 50, But we need, and § am
sure weé will be seeing, tesearch aimed at ubtaining answers in this area. There have been many sludies
showing that, with ptaciice, there is an increase in the wores on aplitude tests, We need to compare the
validity of these "augmented” aptitude test scares with the validity of scores not deliberately augniented by
practice on materials simllar 1o the test content. For example: Two years ago, in & six-week tralning
program in basic education and communication skills, a group ol disadvantaged trainecs improved their
performance on the language score of the California Test of Mental Maturity an average of |4 mental-age
months. While | feel sure that this increase in aptitude test scute improved their techpical trainability and
their probable job performance to a casresponding degrec, we du not have the data to test the belief,

Muny personnel directors feel that “personality” factors are impoctant in selection and in quality of
Job performance; therefore, they wish to have measures of personality included in the selection battery.
The lack of predictive potency of personality tests was called to vur attention years agu, buth by Ellis and
by Kurtz, and most recently by Guion and Gottier (8). We are not willing to believe that “personality™
qualities are unimportant or have no bearing on performance either on-the-jub or in training. We may not
be investigating the cight habit-sttitude clusters, we may be using our measurerent in the wrong place.
Could it be that we need to include persunality measures of the individual relative to similas estimates of
the characteristics of the job clinate or organizational climate complex? It is also possible that we are
hobbled by our blind use of linear aggregative statistics,

Then there is the “invasion of privacy’ issue, which has stirred considerable controversy. | hope the
heat generated by this question will produce some light as well, This appears to have developed fram the
use of personality tests constructed and validated for use in the diagnusis or identification of serivus

_personality and adjustment problems in our industrial realm, and in the use of such tests in personnel

actions threatening to the individual rather than in the “mental clinic” treatment climate. Anuther factor in
the situation is that of asking an individual, essentially, “to unwit:ingly testify against lumself.” This issue
was well put by Dr, Allin Westin at the 1966 meeling of the American Psychological Association: “a vital
¢lement of privacy is that the individual be able to choose the time and place for revealing his innermust
secrets. Otherwise, he is seared by the hot light of selective forced-exposure under conditions, of at a time,
or by individuals, where sucl exposure could be threatening to the individual."

This does not force abandonment of thie use of knowledge of individual differences, 1 does point to
the need of careful validation of the measures used. This does not appear to he of any great issue in
tank-and-file employment, in which the tests are more likely to be ability and knowledge rather than
“personal indirect.” The issue does come more into focus in the selection, transfer, or upgrading ol
executive personnel, particularly in those situations where paper-and-pencil techniques for measurement ol
personality and motivation are employed.

Another area in which there is some stirring is in the selection of uptitude or selection tests, Prunoi
(10), U.S. Civil Service Commission, has developed improved technigues Tor chuusing selection tests in
terms of their relationship to carefully identified jub elements, duties, ur functions. | believe that tew
selection becomes too stereatyped or perhaps too “off-hand.” We frequently fad o do the kind of study
needed for effective test selection: i.c., a careful job analysis 1o find oul what the job content really is and
from this to infer the aptitudes and even the specific aptitude tests and levels o scores uppropriate for goud




selectivn, Only once in my career have | selected a battery of aptitude tests all of which survived field
validation, Thew tests were selecled alter severnl days of interviewing first-line supervisors. The jobs
tnvolved sales representatives, and the company was not willing to accept the amount of sales as 4 measure
of individual perfurmarice, since they believed that a saie was the product of the efforts of many individuais
in many parts of the organization. { asked each Disirict Manager 10 name his best salesman, and then to
describe thin man, telling me what the man did ur did not do, that made him the best valesman: “How did
he know that this man was his best salexman?” | tried to keep the discussion on the track of objective,
observable behavior, avoiding the traits, cliches. and stercotypes which could not be operationally defined.
The same procedure was repeated for & salesman he considered one of his least effective. The interview was
continucd until the performance of at teast four salesmen had been given and no new information was being
preserited. Out of this | developed a much better understanding of the value system of the company and
had a picture of what kinds of observable behavior produced higher performance tatings and what job
behaviors characterized those recelving lower perfon.ance ratings. As a resuit | was uble to select tests each
of which showed significant correlation with performance on the job as valued by the first-line supervisors
and by the Vice President for Sales.

Witenever one discusses personnel research, one is bound to run into the question of “the criterion”
scores. Dunnette (3) suggests prediction in limited rather than global situations. Kipnis and Glickman (6)
and others have found merit in using different predictors for high- and for low-aptitude groups. They also
indicated that they made use of both positive and negative selection in such situstions. The Dunnette model
(4) permits the possibility of the predictor’s being differentially useful for predicting the behavior of
different subsets of individuals, Further, it shows that similar job behaviors may be predictable by quite
different pstiemns of interaction between groupings of predictors and individuals, At the sume level of
perormance, such predictors can lead to substantially different patterns of job behaviors by different
individuals. Finally, the model recognizes the annoying reality that the same or similar job behaviors can,
after passing through the situational filter, lead to quite different organizational consequences,

Then, there i3 incredsed interést in the rélationship of organizational characteristics to job
performance, Porter (9) has pointed out the need for combining the studies of organizational effectiveness
with the concepts of individua! differences. This amounts to saying that we are not taking into
consideration enough of the tolal work performance situation. § haven't seen it tried, bul Tet us consider a
situation in which one can obtain a validity of .60 in prediction of on-the-jub performance, using
characteristics of the individual as the independent variable - such as aptitude test scores, educational
histary, work history, biographical information, and so on — characteristics belonging uniquely to the
individual. Then it should be possible to obiain a correlation of at least .50, using the characteristics of the
worker's work situation, i.e,, using only variables outside the skin of the individual worker, If we could use
both sets of prediclors, we might be able to improve our prediction; certainly we would be better able to
understand the nature of work performance.

In constructing criteria we still use, too often by default, ratings of performance. Frequently these are
the only measures available. Two kinds of effort to improve this situation are appearing.

There is an increased effurt to evaluate on-the-job performance in terms of the accomplishment of
specified goals, This is derived fromn performance appraisal in terms of objectives. Wallace (13) reflects the
importance of using the attainment of key performance guals as criteria, i.e., as measures of job
performance. Far 100 frequently these have not been defined nor spelled out for the individual,

The second kind of effort is the increased use of objective, observable employee behavior as criteris,
Such observable employee pesformance must itself reflect value 1o the employer. In the 1950's, Fryer used
one-ycar retention as a criterion for validating selection tests for employees in the Arabian-American Oil
Company. Using this criterion, he screened and validated adaptations of our simpler oral intelligence test
questions and problems,
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The study reported by Katzell and Merrihue (8) was an atteinpt to obtain operatioral answers to the
question often asked of managers, “Can you estimate employee morale without giving them questivnnaites
to fill out?’ Their answers were universally, “Yes'. They indicated that they used such evidences as
abssnlesismn, disciplingry actions, participstion in company banefits posturs of the choulders, sugsedtions,
grievances, gccidents, gleam in the eye, and 50 on, This study started with the hypothesis that "employee
morale” {s reflected by whatever Is comumon to the observable, measurable evidences suggestcd by the
managers ay their bases for estimating morale. The index, Employce Relations indicator (ER1). is the Jargesi
centrold factor common to the behavioral evidences noted above, While this index was derived for work
groups, the most important finding was that in a sample of 40 industrial plants, the widex was shown to
corrclate between .40 and .55 with plant productivity and protit. The components of the index were not
themselves direct evidences of specific performance objectives but were interpreted as associated qualities
or behavior sursogates,

While the index was used more 25 a measure of organizations! perfurmance, it suggested the murit or
more inteisive exploration of objective behaviors to reflect the quality of individual on-thesjob
performance.

In developing criterion measurements of quality of performance of mine foremen, a count of the
number of work delays on each shift ti each mine covering a one-month period was obtained. The number
of work delays showed a correlation of -.40 with average managerial rankings of the quality of performance.
Work delays correlated only -.13 with peer rankings.

In the study of the perfurmance of salesmen mentioned above, where the sales buok could not bhe
accepted as the evidence of productivity, it was found that entertainment of customers and pruspects was
deenied important. In this situation, the annual cost for entertainment was found to o reelate substantially
with managerial rankings of quality of salesmen,

In constructing a criteren for quality of performance of two samples of chemists, rankings of the
quality of performance of these chemists were made by therr immediate and next immediate superiors.
Then it was found that the industiial engineers, in trying to better define the duties of chemists, had Jnte
recently collected ratio-delay observations for these saumne chemists. The data of the industsial enginecing
study were reorganized to reflect two cetegories of percentage information, namely, the percentage ol
observations in which the chemists were found doing something technical and the complementary
percentage in which they were doing something non-technical (i.e., making routine computations, washing
laburatory glassware, smoking, etc.), The percentage technical activities showed correlations of .70 and . 76
with the average of manager's rankings of quality of performance; and .48 and .73 with average salury
increase fur the preceding five years,

There have been several studies touching on the question of “style” of the individual, indicating that
different kinds of individuals might be able to perform the samne job equally well, and that there is no one
fixed pattern of aptitudes or style which would produce or be required to produce adequate performance.
There may have been somewhut divergent approaches tu this matter. Studies of individual differences in
style have reflected the concept that there can be differences in the way an mdividual sees his role and
differences in approaches 1o a job which can yield comparable results. These do not seem to be closely
telated to studies of the relutive performance of democratic group orgamzations as compared to
authoritarian patterns of action.

The organizational or group approach shows that different patterns of group organization and
communication do produce difterent results. particulurly v such aregs as deasion cuking and 1y the
organizational locus of decision. These studies include those reported by Bass (1) and by Likert. Porter (49)
comments in the 1966 Annual Review of Fsycholugy that these studies need to be Imked to indwidual
differences (and vice versa).




Over the years, evidence has accumulated which shows that the aptitudes for parfrrmance on-the-lob
are relatod to the ways in which performance is evaluated, i.e., the performance criterion, This points to the
need, in constructing cnteria, to looking very carefuily at the organizational goals and especially at the
objective evidences by which thess may be operationally reflected,
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RECENT PERSONNEL RESEARCH
IN THE BUREAU OF NAVAL PERSONNEL: A REVIEW

Victor Fields
Parsonnel Research Divisicn
Department of the Navy

Introduction

Although this paper, as the titls indicates, is concerned with
personnel research conducted hy the Bureau of Naval Personnel, this
does not imply that only the Bureau of Naval Personnel conducts or
supports personnel research in the Navy. The Bureau of Medicine
and Surgery has a vigorous in-house program of personnel research
which is addressed largely to the provlems of adjustive behavior,
character and emotional disorders. and behavior under stress and
isolation. The Office of Naval Research supports an extensive
program of behavioral research under contract. The matericl
commands support research concerned with human effectiveness in

o weapons systems. Nevertheless, because of the limitations of space
and ume, this paper will deal onI) witli personnel research of the Bur.au of Naval Personnel. No attempt
will be made to give a complete account of this program, The items discussed in the following pages will
serve to illustrate the problem areas of current interest.

Early Origins

-In keeping with the spirit of the twenty-fifth anniversiry of the Air Force personnel research
program, it is proper to point cut that the Navy, too, should be celebrating its twenty-fifth anniversary of
persunnel research. While official Na+y testing for selection purposes started about 1924, a Navy research
program did not exist; the development of the then current selection test was accomplished with the aid of
the U, 8. Civil Servic: Commission in which Dr, O'Rourke was then director of research.

The advent of World War 1l brought with it a recognition in the Bureau of Naval Personnel of the
inadequacy of the existing personnel research and development resources for meeting the changing demands
of an expanded Navy alrcady girded for war. As a result, the seed which became the present Personnel
Research Division was planted, circa 1941, end an active program of test development was conducted during
the war ycars. The post-war demobilization considerably reduced the size of the arganization, but ip 195]
personnel research in the Bureau of Naval Personnel received 2 “shot in the arm” in the form of systematic
and continuing supp..rt with R&D funds. This funding has been steadily increased over the past fificen
years 5o that the Bu:cau of Nuval Persunnel no'. possesses an organization of 12 to !5 prusessionals ut the
headquarters office in Washington and about 3 in two field laboratories located in Washington, D. C. and
San Diegn, California. This is a result of increasing attention on the part of the Navy to problems of
personnel administration in a militarv world charactcrized by increasing complexity in weapons and
vieapons systcms technology.
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Selection and Classification Research

Since the aim of selection research is to improve the identification of differential abilities and thereby
to optimize the matching of men and jobs, the selection and classification program has been directed
toward four major goals; increasing the overall validity of the enlisted classification tests, streamlining test
procedures, identifying new dimensions of human behavior that are predictive of military performance, and
exploiting automatic data processing techniques in the assignment process,

The Navy Classification Battery

The composition of the Navy enlisted classification tests has changed considerably since World War 1!
The average intercomelation of the tests has t-een reduced, and the overall validity of the tests for
assignment to about 70 schools has been raised.

In the most recent study to improve the differential validity of the Navy Classification Battery (2), s
Naval Knowledge Test (NKT), a Biographical Information Blank (BIB), and a Nav, Ac!ivities Preference
Blank (NAPB), i.e., an occupational interests inventory, were added to the existing test. for experimental
evaluation, The criterion performance was final school grades.

While the advantages of unique sets of predictors and weights to optimize assignment to each cf
about 70 schools were fully recognized, considerations of economy in processing of test results precludsd
such an approach. For practical reasons, a limited number of prediction equations based on groupings of
similar courses was the best alternutive. Groupings were determined Ly similarity of curricula, similarity of
interests, patterns of validities, and results of a factor analysis of predicted grades derived from actual
regression equations. The analysis yielded four occupational groupings: Clerical, Electronics,
Electro-mechanical, snd General Technical.

The major findings of this development and validation study (2) were essentially as follows:

1. The Neval Knowledge Test, oxpected to measurs intersst in Navy occupations, did not add any

significant variance not already accounted for by other tests in the battery.
2. The Biographical Information Blank showed very little independent validity.

3. The Arithmetic Computation section of the Arithmetic Test tended to depress the validity of the
test (and was consequently removed),

4, The Shop Practices Section of the Electronics Technician Selection Test proved to be a highly valid
predictor of grades in the mechanical and electrical schools. (Therefore, the Shop Practices Section was
lengthened and incorporated in the battery as a separate test.)

5. The Navy Activities Preference Blmk: an interest inventory, did not prove to be a useful addition
to the battery.

6. The median intercorrelation among composites of the batiery was reduced.

7. The new battery yielded an increase of approximately 5 per cent in the number of recruits eligible
for assignment without any loss of validity.
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The search for new and Independent dimensions of behavior (0 be measured in Navy classification
batteries has not been very rewarding, although there appears to be sonie promise of improving
classification by heans of tests developed by Kipnis which tap noncognitive abilities (3;4,5.6).

Aulomatic Test Scoring and Reporting

The automation of test scoring and reporting of results has beea under investigation for a long time,
but many administrative problems conspired fo delay any effective progress in this direction untll very
recently when automation was given considerable impetus by the emergence of practical technigues for
computerized assignment of recruits to schools. At present two optical scanners, installed in the Naval
Training Centers ai Great Lakes and San Diego, provide the basis for rapid strides toward automalting lest
scoring and reporting of results.

Computerized Assignment

A significant portion of the management resources of the Navy is committed to the procurement and
processing of more than 100,000 recruits each year. This aspect of personnel management is so vast and
costly an enterprise, involving policy decisions at the highest level of management in the Navy, that even a
slight gain in efficiency can result in savings of millions of dollars, The means to achieve such a gain in
efficiency is at hand as the result of a project conducted by the Naval Personne] Research Activity, San
Diego. This project beg:s the acronym COMPASS (Computer Assisted Assignment of Recruits).

The central aim of COMPASS is to apply computer technology to the complex problem of matching
men and jobs at the school-assignment level. The problem is complex because it involves assigning each
week, at each of two training centers, 1,000 or more men of different abilities and qualifications to about
70 different occupational categories on the basis of various combinations of about 30 prerequisites. The
optimal distribution of human zesources under such circumstances is obviously beyond the capabilities of
human beings.

The inability of personnel classifiers to consider simultaneously all men, all jobs, and all prerequisites
is evidenced in many comgparisons that have been made between manual assignments-and computer
assignments of the same input population under the same quota requirements and under the same
constraints of qualifying prerequisites and personal preferences of recruits. The computer always effects a
superior match of men and joos as measured by more adequate filling of quotas and by a better qualitative
mix of assignees. All of which increases the probability of success in school and on the job, the probability
of greater job satisfaction, the probability of more effective utilization of school facilities and curricula, and
the probability of better meeting our quantitative requirements for skilled personnel.

The problem of optimal assignment of all persunnel to all jobs is not a new one, nor is the basic
solution a new one. All the military services have been devoting a considerable amount of ;hought and
effort 10 this problem over the last 25 years (7.8:9:10;11:12;13). The suggested solutions were not quite
practicable prior to the present day comnuter, however. In 1964 the Navy was experimenting with an Army
version of the solution and was conducting simulated assignments when the Marine Corps became interested
in the problem. As a result of cross-fertilization of ideas among Army, Navy, and Marine Corps, the Navy
was able ta initiaste COMPASS operationally at the U. S. Naval Training Center, San Diego, in November
1965.




OIS

— el e on

P

COMPASS at San Diego consists essentially of the following four computer programs:

1. PROFILE. This program provides » printuut for each recruit which indicates the schools to which
he may be anigned, considering hoth his claification test scores and the restrictions imposed by the
recruiting program under which he entered the Navy.

2. SCREEN. This program revisws the assignmant recommendations made by the interviewer to

" insure that each recruit meets the various gualifications of each schow! for which he is recommended. The

program detects errors made in recording and key-punching information obtained during the interview.

3. OPERATE. This program is the actual schoo! assigament procedure. It uses as input each recruit’s
test scores, the recruiting program under which he entered the Navy, months of obligated service remaining,
assigniment recommendations made during the classification interview, special qualifications for specific
schools (such as security clearance and physical requirements), and school quotas for each of the more than
70 schools to which assignments must be made. The major criterion for assignment to schools is the sum of
sclection test scores on, usually, two of the classification tests, e.g., Arithmetic plus Mechanical tests. This
sum is multiplied by a weight according to the recommendations made in the classification interview, This
program then maximizes the sum of weighted scores for all available men, for all schools, within the
limitations imposed by quotas, requirements, and special enlistment programs. The program does not insure
that each recruit will be assigned to a school for which his selector score is highest; nor the one for which he
is most strongly recommended. The solution reached is such, however, that the best overall use is made of
the available manpower.

4. GEN-DET. This program identifies, by specific occupational codes for assignment, those recruits
who were not sent to schools by Program OPERATE. The program recommends assignment of specific
Navy enlisted occupational codes for about 80 per cent of the non-school men, using criteria established by
classification personnel. The remaining 20 per cent of fleet-destined men must be assigned enlisted codes by
hand when interviewer recommendations and rating entry quotas do not match,

As previously mentioned, COMPASS was introduced operationally at the Naval Training Center, San

- Diego, in November 1965. Programs PROFILE and SCREEN had already been in operation for several

months, and their value in freeing the classification interviewer from routine clerical operations and
performing these operations more accurately had been establithed, Comparisons of COMPASS with hand
assignment procedures for the same input population and quotas indicate that COMPASS fills more schoo!
seats while maintaining or increasing the level of quality of personnel assigned to schools.

Experimental comparisons were made between manual and computer- assigned procedures on a
typical week’s input of 905 recruits classified at the San Diego Naval Training Center in April 1964, For
this sample of 905, which had a total school quota of 545, final school grades were predicted both for
recruits actually assigned to the schools by clasifiers and for recruits for whom hypothetical schooi
assignments were made using the COMPASS assignment program. The entire quota of 545 would have been
assigned using COMPASS, but only 487 mer: were assigned by the conventional method. The comparison
proved that the average predicted final school grade of men who would have been assigned by COMPASS
was about 1% points higher than that for the hand assignments actually made. This difference in average
predicted final school grade would have been even grester in favor of COMPASS had only the top 487.men
from the 545 assigned by COMPASS been considered in the comparison.

The current version of COMPASS is an interim system, operationsl only at the San Diego Naval
Trairing Center. While this operational demonstration was being evaluated it became apparent that a more
somprehensive system encompassing both training centers (Sun Diego and Great Lukes), and controlied at
the Bureau of Naval Personnel in Washington, was nou only feasible but more desirable. In the event a third
training center were added, it could readily be accommodated into the system at litle extra cost. The
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principal sdvantage of a centrallzad systam are two-fold: (1) It can contider el the availabie personnel to
match oll the quotas and job astignments simultansously; (2) it can take into sccount transportation costs
from the training center to the next assignment and can Uade off such costs sgainst other relevant
considerstions, Centralizstion will therefore provide improved optimization of recruit sasignment through »
singie, efficient solution in any given period.

In view of the plans for a mote comprhansive computer-bassd system of ssigning recruits 10 school
and to the fleet, the original version of COMPASS it now meferred to a5 COMPASS MOD 1, The mure
comprehensive version  referved (o as COMPASS MOD 2,

Development of COMPASS MOD 2 was launched on 30 September 1966 with the expectation that it
will be operstional by September 1967. Designed into the system will be data transmission capabilities
between the Great Lakes Naval Treining Center and the Bureau of Naval Personnel and between the San
Diego Navs! Training Center sn? the Bureau of Naval Personnel. If and when a third training center is
established at Orlando, Florida, transmistion capability between that center and the Buteau of Naval
Personnel will also be developed.

Retention

In war time, with the nation fully mobilized and the mobility of personnel under control, retention
of personnel in the armed services is taken for granted. But under conditions of cold war military
operations, the personnel turnover rate is a serious problem. What the optimum rate should be is & question
that is confounded by questions of economics. Nevertheless, it is quite certain that in some categories of
personnel, the rat~ is far too high and in others it may not be high enough. Thus, we have a problem of
personne] research niot faced by our predecessors in World War 11, Consequently, a good deal of effort has
been devoted to devising techniques by which career proneness may be identified.

Enlisted Retention

About all we know today is that of sll the personnel who enter the Navy voluntarily, a small
proportion of them ultimately decide on 2 career in the Navy. When the obligated period of service ends,
reenlistees come from those who initially indicated a negative interest in s career as well as from those who
indicated a positive interest, although the reenlistments from the positive interest group is about twice
those from the negative interest group (14). But developing instruments by which we can identify the
career-prone individual with any reasonsble degree of certainty stili eludes us. It appears that one question
concerning the enlistee's interest in reenlistment for a career is just as good as an elaborate questionnaire in
predicting career potential (14).

A study currently underway (15) was designed to determine what variables are related to retention
and to what degree. The variables include socio-economic, service, and personal factors including sttitudes
and opinions, The criterion messure was whether or not the subjects in the sample of 5,000 reenlisted.
Analysis of the data showed that 59 out of B5 items in the questionnaire were significantly related to
reenlistment. Results from this research will be utilized to identify current personnel-related policies and
practices which may require review, tither to increase their already favorable effects upon retention or to
minimize their negative effects. But conclusion as to the predictive nature of these data must await
multivariate anulyses.
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- Officer Retention *

In connection with the wlection of candidates for the NROTC (Regular) selection program, which '
includes a subsidized 4-year college tducation, the need to identify applicants with strong Navy career i
E intentions led to development of a self-Gescription blank, the Cateer Motivation Questionnaire (CARMOT),

{ While this text showed considerable promise of discriminating career from non-career motivated applicants
. on the basks of is concusrent valldity, longitudinai siudies demonsirated the inadequacy of this
questionnsire when subjected to the more tigorous test of predictive (temporal) validity. That is to sy, i

;r over a span of ¢ight years, when the career decision criterion became avatiable, the predictive validity of the :
t {est ways wbstantially 2ero. This led us tG sesk Olher avenues for measuring carssr motivation. Currently we :

E: are studying the validity of a Navy officer key developed by our Sun Diego laboratory for the Strong
Vocational Interest Blank on the sssumption that vocational interest is tantamount to caresr interest. This i
: key shows onsideiable promise for identifying occupational interest and choice in a Navy caseer (16),
L Whether its validity will hold up over the long run (four years of college and four yeuss of obligated service)
i is still a question to be decided by longitudinal studies currently underway.

; Tralning Restorch

{
1
1
The aims of Navy training research have undergone a gradual ¢volution since the inception of the !
Navy personnel rescarch program in World War 1. In those early years training research was viewed largely f
}

4
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as a program of developing schievement tests and evaluating training effectiveness, Todsy we are concerned
with bigger issues. The aim of current training research in the Navy, as reflected in the program of the Navy
Training Research Laboratory of the Parsonnel Reserrch Activity in San Diego, is two-fold: To conduct
research and development which will yield measurable improvements in Navy training efficiency and, in the
long run, to develop generalizations or principles which will constitute a theory of training technology with
wide application and utility in planning, designing, and executing Navy training programs. More specifically,
the first aim is to find ways and means by which to:

ey et s, ot g N e n s

1. Increase the proficiency, skills, or levels of knowledge of Navy trainees.

2. Reduce training time required to meet specified objectives,

L . —- - 3, Reduce training complexity and prerequisite aptitude levels

4. Reduce failure rates for a given sbility level of the trainee population.

S. Develop techniques which will facilitste shipboard training. :
6. Define training objectives and standards in relation to demands of Navy jobs. g
The second aim of the training rescarch progrun Is supportcd Ly studies designed to: 3

1. Investigate problems in transfer of training such as transfer from training devices to equipment on
the job, from knowledge to performance, and from on¢ equipraent to another,

2, Investigate ways in which instruction can be programmed to promote maximum cffectiveness in
training.

* 3. Investigate relationships bstween individual differences in aptitudes and effectivencss of training.
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4, Investigate problems of job simulation for training purposer,

5. Develop methods for validating training programs,

6. [nvestigate relationships between training content and training methods.

7. Develop sppropriate megsurément methodology fur use in iraining research,

Consistent with these plans an experimentdl lraining program in covperstion with the Fleet
AntiSubmarine Warfare (ASW) School resuited in significant improvements, without any increase in
training time, in the mastery of standard test equipments used in eiectronics maintenance {17}, Studies in
pregrammad instruction demonswated tHat both programmed instruction without an instructor and
programmung the niaterial presented by the instructor were superior to conventional instiuction used by the
ASW school (18). For long-range purposes we have engaged in 8 series of clasified studies on individuul
differences in ability of sonar techniciany to discriminate, assess, und -ase cues from auditory and visual
displays in target classification, The findings from this research will have a bearing on instructional rethods
in this domain of training.

Recent studies in Anti-Air Warfare training include an experimental comparison of techuiques for
teaching computer program flow-chart design to oftlcer tralnces in computer programming (17). Lsing two
methods and two lengths of praciice on four groups of college studenis, the only signfficant varialle was
found to be quantitative aptitude. it was concluded that sefection is moic iportant than methods of
training when dealing with computer programner training of officers.

An important part of any iraining system is the design of new courses or redesign of existing courses
to kesp up with changing requircments, In order that this may be sccomplished effectively by available
instructional personnel, an approved methodology of course design is required, Accordingly, the Navy
Training Research Laboratory at Sun Diego developed a vary useiu) manual for instructors who design or
redesign courses in Navy schools (20).

In the field of simulation of warfare envirenments and conditions, efforts are being directed toward
developing problen: exercises for teum training. The vehicle iz 2 computer-based complex simulating tactical
combat direction and advanced elfectronic watfare, : C

Experimental Training

The increasing demsnds for men of high intellectual caliber to fill billets in the electronics
maintenance occupations led to a consideration of the feasibility of expanding the potential pool of eligible
men by lowering 2ptitude qualifications and reducing the complexity of training.

Consequently, an experimental course for ¢lectronics technicians was initiated at the Navy Training
Research Laboratory of the San Diego Personnal Research Activity with the following rationale:

1. The experimental course would be aimed at personnel who possessed aptitudes about one-half
standard deviation lower than the minimum for the regular course, who would not be likely to undergo any
tdvanced tralning, and who would not be likely to advance beyond pay grade E-4.

2. A considerable amount of mathematics and theoretical material often included in electronics
instruction would be eliminated without sacrificing the effectiveness of 1he graduates in performing the
assigned duties of the E-4 pay grade,
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3. The course would be simwd st teaching the practical factors of elecltonics maintenance with
ernphasis on preventive, routine, and corrective maintenance tasks assigned to technlcians atl pay grades E-3
and B4,

4. Because the emphasis would be on practical rather than theoretics) fictors in clectronics, ind the
aplitudes required fur admission would be lowersd, greater numbers of men could become eligible for
electronics training,

Accordingly, five clawes of 16 students esch, with aptitude swores about one-hail standard devistion
lower than normally required, were trsined under g curriculum of electronics tralning revised in accotdance
with the furegoing rationale. The length of the course wes 8 weeks less than for the usual 38-week course
for electionics technicians, The 80 graduates of this course have since been assigned to deatroyers in the
Pacific Fleet where they are currently the subjects of followup evaluations, Preliminary information from
several ships is very encouraging The immediate usefulness of the gradustes aboard ships has been
acknowledged. They appear to be working out well and we performing cosrective and preventive
maintenance expected at the E-3 and E-4 pay grade. The forma! analyses of the followup dats on these men
.will determine the effectiveness of the experimental curriculum, aithough administrative steps have slready
been taken to modify the training of men who do riot wish to obligate for more than 4 years of service
(1)

In the area of electronics maintenance, the Buresu of Naval Personnel has long debated the
desirability of giving long and difficult training to men whose service in the Navy will be limited to one
enlistment. It has been argued that a 38-week course in electronics maintcnance, coupled with subsequent
advanced courses of from 6 to 30 weeks, provides an investment in time and money from which the return
in the form of journeyman service in only one enlistment is hardly commensurate. For men who do not
intend to stay in the Navy more than 4 years, 2 much briefer course would be motre desitable if it could be
demonstrated that such 8 course could produce technicians at an acceptable level of competence.
Therefore, an experimental curricwlum of 20 weeks' duration was developad. in addition, it was posited
that simulstion of radar and communication equipments in the lsborstory phase of electronics training
couid be substituted for the real und expensive equipment. For this purpose a readily available, off-

the-thelf, and relatively inexpensive anslogue computer was employed together with standard panels of ~

disls; The computer genesaied the desired functions which were displayed on the panels. Mock-ups and
life-size photographs or drawings of the front panels and internal ciscuitry of various pieces of equipment
were affixed to the standard panels to provide some realism. The students used appropriate test equipments
on appropriate test points of the mock-ups which approximated the test points on the real equipment,
Theory and mathematics were minimized in the curriculum that was devised for this experinental training
coursz. The aim of the course was to train che students in practical procedures of preventive and correclive
maintenance and fault Jocalization in 20 weeka (22).

Of the 16 students who entered the experimental course, 14 were assigned to destroyers and 1] have
been available as subjects in followup evalustions. Three months after theis assignment, their supervisors
were directed to evaluate them and to evaluate a comparable control group in respect to the need for
unusual amounts of on-the-job training and supervision, as well as the adequacy of their preparation for the
jobs they were occupying. An analysis of the supervisors’ ratings showed that, with one exception, they did
not regard the control group, which had received 38 weeks of training and exposuse to real equipment, as
supetior to the experimental group on any of the varisbles. The exceplion was a supervitor who prejudged
two experimental subjects as lacking necessary training in electronics theory and thereupon had promptly
proceeded (o provide that knowledge (24).
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At ut s montl later a series of proficiency tests developed by the Electronics Personnel Research
Group at the University of Southern California was ausiinistered to the wame subjects and to a control
group. Again the perfurmance iores of the expetimental and control groups were not significantly
different except on & test hesvily losded with theory which favored the control group (24). Subseyuently
the experimental subjects and a control group were administared & seties of troubleshooting performance
iosis on sctual equipment. While the results of these tests have not yet been analyzed, » perusal of the duta
conveys the impression that the experimantal group sgiin did sa well 31 the control group, Although neither
group did as well 2y might be desired.

The tesults of these cxpetlinents seem to indicate that there is considerable promise in shortened

training wnd in the use of relstively inexpentive simulation technlguess in the lmining of elecironics
techniclans.

Performance

Modermn conceplions of systemi effectiveness take into sccount the human component as well as the
hoardware components. The needs to determine the “'design specifications” of the human component has led
to & need for determining and specifying humnan performance standards related 1o total system
effectiveness. This need is especially apparent when military commanders and planners require information
concerning the degree of readiness of their weapons, units, or forces for combat operations,

The need for a method to measure and predict the human contribution in & “total system” context
led to 2 study under contract with Dunlap and Associates (25, 26) entitled Techniques for Establishing
Personne! Performance Standards (TEPPS). The major aitn has been to develop a model, with general
applicabllity to any system, which will provide the following capabilities:

. ldentify the personnel/equipment functiona units comprising a system.
2. State the contribution »f exch personnel/equipment functional unit to system operation,

3. Determine the performance standards for each personnei/equipment functional unit that are
related directly to system effectiveness requirements.

4, Test the effects of deviations frum performance standards on system effectiveness.

Figure 1| outlines the data and procedures required by TEPPS. The technique involves analysis of .
system Into describable and useful units of personnel activities, i.e. performance/equipment functiona)
(PEF) units. All the available data of a sytem are studied in arder to define the roquired syslem states which
are implicd or specified by the equipment design (27). Findings are organized and diagrammed in dutail to
form the Graphic State Sequence Model (GSSM). This serves as the basis for generating a mathematical
model of the sysiem, the Mathematical State Sequence Model (MSSM).

By means of the MSSM, standards are derived on the basis of assumptions concerming inirinsic
relations among PEF units. Standards in terms of probability of performance and/or time to perform may
be derived for each PEF unit and for every potential configuration of the system f there are alternative
ways of performing the system's mission.

The basic method of TEPPS has been defined (25), although since its inception, it has undergone a
continual process of extension and refinement (28). Plans have been made fur eviluanon of the mudel by
uperating it in the setting of a simulated system. Assuming a successful outcome of this evalyation, the next
step will be an evaluation of the technique on an uperational system.
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This technique (or determining systemereluted performance standards for the human operators uiTers
considerable promise in the following spplicstions:

1. To quantify human performance levels demuanded by system effectiveness requirements,

[

. To determine the optimum trade-offs between hardware and human performance capabilitics,

t

. To validste predictor tests and batteries against job performance measuse..

=

. To provide a basis for defining training objectives,

Electronics Maintenance Resexrch

Related to the foregoing selection, training, and performsance research is a program of electronics
maintainability research supported by the Office of Naval Reseasch in which the Bureau of Naval Personnel
also has & heavy invesiment. The program is conducted by contract with the Electronics Personnel Research
Group (EPRG) of the University of Southern California. One of the interests of the Bureau of Naval
Perzonnel in this program of research is to develop a moge! by which trade-offs may be effected between
equipment design and perionnel training. Such a model would be very useful in planning as well as in
procurerient of weapons systems.®

The Electronics Personnel Research Group (EPRG) maintainability program is a multidisciplinary
attack on both personne) and hardware problems which must be solved to improve the maintainability of
electronic equipment in the Navy. The progmm staff includes psychologists, engineers, computer
programmers, and electronics technicians, Project teams work on interrelated problems of assessing the
proficiency and improving the training of technicians, developing models and other quantitative tools, and
improving hardware and software design.

It is axiomatic that the engineering design of tlectronic equipment also results in a specifiable

- maintenance workioad for that equipment. As a consequence of the way it is designed, electronic

tquipment has certain corrective maintenance requirements which must be met by technicians performing
cormective maintenance tasks. The number and kind of these tasks will depend upon the corrective
maintenance requirements built into the equipment, and upon the way the technician-equipment interface
is designed, where interface is broadly defined to include hardware, test equipment, and software.

A fundamental assumption of the maintainability research program is that the corrective maintenance
workload, represented by the tasks that must be performed to fulfill corrective maintenance requirements,
is the starting point, on the one hand, for teasing out hardware variables which can be manipulated to
reduce this workload, and, on the other hand, for identifying training and proficiency variables which can
be inanipulated to improve the performance of it. The research strategy is to have different project teams
develop specific tools in their areas of responsibility and to combine these tools into an integrated model.

As the work has progressed, the orientation of the psychology side of the program has become more
and more concerned with problems of technician proficiency and training in the present-day Fleet. This is
because uf the fact that much of the equipment thet now exists in the Fleet will continue to be used for §

* The auchor gracefully acknowledges the assis-ance of D Joseph Repney, Pancaipal Investigator of
EPRG, in developing the following discussion of ¢le ronics maintenance tesearch,
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to 10 years, This equipment cannot be redesignes - 1-:¢ Fleet ~ust live with it. Therefore, any improvements
in the availability of this equipment brought .+ teducing Mean-Tire-to-Repair figures must come
about through improvements in the effec :s « the personnel who me perfroaing corrective
maintenance on it and in improvements in the urc . for maintenance managément.

Job profiv.cncy tests have been developed for  reseatative equipments ~urrenity w the Fleet and
have been administered to samples of technicions to «ssess their corrective maintenanc: capabilities. The
results of these performance tests indicate very strongly that the technicians who actvall are respensidle
for performing the maintenance on equinment aboard ships cre weak in certain essential skills, such 3¢ the
use of test equipment, the ability to recognize whether or sot eginpment is performing up to standards, and
the ability to do fault Jocalization by using front-panel symp:oms. These ~<ficiencizs ars in lmge part
attributable to the fact that, although all technicians go to a basic school (Class A School) and receive
training in basic electronics, not enough of them can go to enough different speciai schools on specific
equipment (Class C School) to learn the characteristics of al! the different types of equipment that they
find aboard their ships.

Any one technician on a destroyer may be responsible for the corrective maintenance of four or five
different kinds of equipment and a total of perhaps a dozen sets. The picture is even worse on 2 %! like a
Destroyer Escort. A Class A School graduate simply does not have the opportunity to learn enough absut
all these different equipments to meet effectively their corrective maintenance requirements.

This situation led to what might be cailed a cognitive unburdening concept. Using the AN/URC-32
transceiver as a vehicle, a fault locator in the form of a small, plastic, hand-held job-aid with an
accompanying manual was developed. This device, called the XFL (for Experimental Fault Locator) was
evaluated in two studies. In the first, radio operators, who had almost no electronics training, were taught
to do fault localization by using the XFL (31). It was demonstrated that Radiomen could do fault
localization with the aid of the XFL with a high degree of success and within reasonable times. For six
malfunctions the mean tines to solution required by thess unskilled personnel varied batween 3 minutes
for the easiest problem to 17 minutes for the most difficult problem. Even on the most difficult problem,
80 per cent of the Radiomen were able to obtain a correct solution within the one-hour time limit. In a

_ second study, three groups of Electronics Technicians were used (32). One served as a.contral group, It was

given no training of any sort and was not shown the XFL. A second group was given training in checking
out front-panel symptoms on the transceiver but was not shown the XFL and did not use jt. The third
group was given training in checking out front-panel symptoms and was taught how (o use the XFL. The
group that was taught to use the XFL did significantly better at fault localization, circuit isolation, and
component isolation than did the two other groups. The group that was taught to check out the front panel
but was not taught how to use the XFL was able to do troubleshooting at about the sane speed as the
group using the job-aid, but they were not able to solve the harder problems. The control group did very
poorly, both in terms of time and the number in the group solving the problems.

The XFL represents an implementation of cognitive unburdening. It is a way of impioving the
corrective maintenance of equipment now in the Fleet, within the context of the realities which sxist; that
is, the fact that most of the corrective maintenance that is done is done by Class A School graduates who
do not have the breadth of knowledge cf the different equipments that they need. A job-aid like the XFL
fills that gap by making it unnecessary for them to know the symptom-malfunction relationships at the
fault localization level for each of the equipments for which they find themselves responsible. This concept
can be implemented in a number of different ways; the XFL device represents only one of these ways.
Another is represented in problem-tree charts which portray the entise logic for fault localization on one
large sheet.
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A considerable amount of work has been done on the question of how training of téchnicians might
be improved. This has taken the form both of analysis of training as a process and of the development of
specific recommendations. Examples of the latter are training objectives for corrective maintenance on the
AN/URC-32 and on the AN/SPS-40 radar. These training ohjectives have been dsveloped in extfeme detail.
They are a specification of the kinds of terminal behaviors that a technician should be capable of as 2
consequence of Class C School training on this equipment, While training objectives axe a first step in the
development of & training program, a second step consists of deriving learning objectives from these, and a
third step consists of developing methods for accomplishing the training. Development of learning
objectives involves identification of the skills and knowledge that must be taught technicians to cnable
them to meet the tralning objectives. Although these recommendations will be supplied to the appropriate
individuals in the Navy, it is anticipated that they will also be used as a basis for experimental training
courses to be developed and administered by the EPRG staff, utilizing recent developments in programmed
instruction and computer-aided instruction.

As was pointed out, a major objective of the maintainability research program is to develop the tools
necessary for dealing with such questions as how engineering design configurations affect the corrective
maintenance workload and the training that must be given 8 technician who is supposed to perform that
corrective maintenance. In effect, what is needed is the identification of the relationships across training,
task, and design domains, and the development of tools and models which can be used to quantify their
effects.

The first of these tools developed by EPRG was in the area of troubleshooting. Those parts of the
corrective maintenance task spectrum which involved troubleshooting have long been known to be very
difficult for technicians and responsible for a large part of equipment downtime. A quantitative model of
the troubleshooting process was needed in order to evaluate technician troubleshooting proficiency and to
reduce troubleshooting to an orderly process that could be related to design and training variables. A model
incorporating a Bayesian processor was developed and was implemented by a digital computer program
(33). This computer model, called BETS, can troubleshoot electronic equipment if it is provided with what
is called the symptom-malfunction matrix for that equipment. This matrix consisis of the symptom
patterns produced at test points by each possible malfunction in the equipment. The BETS program steps

_through test points one at a time. At each step, it computes the probabilities for all of a set of defined

malfunctions. As it examines the symptoms at each additional test point, it recomputes these probabilities,
The process continues until it converges on the solution; that is, one of the probabilities becomes one and
the rest become zero. At that point, the malfunction has beea located, and the program stops, In looking
for the next best test point to go to after each step, the program examines ali possible next moves and
selects that one which will be most efficient; that is, which will move it the greatest distance toward a
solution.

This model has been used for several purposes, among them to score technician troubleshooting
behavior. A special type of performance test was developed in which the exact moves and the sequence of
moves of each technician could be recorded with IBM cards. The efficiency of these human troubleshooting
sequences then could be compared with the efficiency of the BETS sequences for solving the same
probiems. In two studies using this technique, it was found that Class A School technicians are only abou: a
fourth or a third as efficient as the BETS model.

Other data collected in these studies resulted from the administration of a symptom-malfunction
matrix (S-M) test. These tests required the subjects to complete each cell in a symptom- malfunction matrix
by inserting a subjective probability. If the subject thought the designated malfunction could have caused a
particular symptom at & particular test point, he inserted a high probability in the corresponding cell. If he
thought that the malfunction could rnt have caused a symptom at that test point, he inserted a low
probability, If he did not know, he inseted a probability of .50,

31




T T T T T SRS e T e e e R B . . o it e . AN, Sl D,

These data can be evaluated in vaitous ways. One of the interests was to estimate the reliability of the
S-M test. It was found that iechinicians can give subjective probability estimates of this sort with a relatively
high degree of relisbility. The stability, or test-retest, reliabilities were around .85, These dsta also indicate
the kinds of symptomrmaifunction relationships that are relatively difficult for technicians to understand
and the kinds that are relztively easy. An analysis of the errors that technicians made in taking these tests
has revealed that AC and DC circuit relctionships are difficult for them to understand and that simple
resistance relationships are very easy. A factor analysis of these error data has revealed that the major factor
is 2 complexity factor which evidenlly comésponds to a4 complexity dimension identified in caslier
multidimensional scaling studies conducted by EPRG. Evidently, the primary cause of errors in compileting
symptom-malfunction matrix tests les in the number of electronic events going on in the circuit which
must be considered before it can be determined that a partlcular malfunction could have caiised & particular

symptom.

An interesting result of error analyses done in conjunction with the analysis of performance test
results was the identification of the relationship between symptom patierns and malfunction confusions.
When technicians are troubleshooting, they often confuse one possible malfunction with another, It was
found that maliunctions most often confused with each other have very similar symptom patterns. This
would seem to be an obvious result, But the demonstration of this result stability among basic and
advanced students leads to an important design principle: Provide front-panel indications aivd test points
that will unambiguously discriminate among all major malfunction possibilities. Furthermore, the
identification of this relationship points to some intriguing possibifities for improving training, Error
matrices derived from S-M tests can be used to identify circuit relationships which a given population of
trainees do not know very well and to guide remedial training.

The BETS program is being used in a number of ways in addition to its use as a criterion measure of
troubleshooting proficiency. For example, it has been used to produce optimum fault localization
sequences for the ANJURC-32. In general, if a symptom-malfunction matrix is available for a piece of
equipment, the program can very quickly determine a set of optimal fault localization sequences for each
identifiable fault area in the equipment. It is interesting to note that in the case of the AN/URC-32, the
optimal sequences that were generated by the program very closely resembled those which were
incorporated in the XFLi job-aid discussed above. The chief difference between the two was the fact that in

.- the job-aid it was practically more efficient to group the very easy tests to be done first, simply because

they were so easy to do. An example would be a fuse indicator light. Even though looking at a fuse
indicator light first might not be the mosi efficient first step, from the standpoint of a Bayesian processor,
it can be done so quickly that in a practical job-aid it should be one of the first steps, Once these
quick-and-easy checks were grouped in this way, it was found that the remainder of the sequences
incorporated in the job-aid and those identified by the BETS program were almost identical. Thus, the
BETS model is a tool with a considerable amount of versatility. 1t will be integrated with othet 110dels as
they are developed.

A second tool, developed by the EPRG engineering staff, is a method for synthesizing times from
design configurations. This represents an esteusion and an auiomation of industrial engineering
Methods-Time-Measurement procedures and is catled ARMAN (34). AKMAN is another computer progran
containing on the order of twelve hundred FORTRAN IV instructions. It was developed to serve as a tool
for estimating the corrective maintenance time cost of a particular design. These time costs are ornie measure
of the Inherent Corrective Maintenance Workload (ICMW) because they are based upon the generation of
task sequences comprising the ICMW, the assignment of time units to the smallest actions in the task
sequences, and the synthesis of these units into total times. In other words, the ARMAN program not only
synthesizes times, it alsc generates the action and task patterns that consume the time.
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The time units that are used by ARMAN {0 ). thesize task times are the goneral units that have been
developed by the Method-Time- Measutement Assocation. Their method s recognized and used widely in
industrial engineering. Because the units they have developed are perfectly general, the ARMAN procedure
is applicable to any equipment whose dimensions and specifications can be defined. This is not the case
with thos time estimation procedures that sre based upon timics darived fioni the observation of
maintenance of particular kinds of systems in the field by a particular sample of technicians,

This program [5 being used to cvaluate two different radar configurations, oneé a hybrid,
transistorvicuum tube model, and the other & hybrid, microminiaturized integrated circuit-discrete
component model, Microminiaturization techniques have resulted in a shrinkage in the volume and weight
of the radar to & factor of about two o7 thisés, The questions that are being asked of ARMAN relate to the
effects of these design changes on the corrective maintenance task cycle and on the minimum times which
would be required to perform the corrective maintenance task cycles. These mintmum times are based on
the assumption that no errors ase made in the performance and that the performer does not have to stop to
read technical manuals or look up other information.

Using ARMAN, it has been found that the microministurized design will cut the ICMW time in half,
Furthermore, it has been possible to explore the effects of certain design philosophies and certain design
variables. For example, current integrated circuit (IC) technology calls for using IC chips in combination
with discrete components as the most economical application. When this is done, the question of the time
cost of removing and replacing discrete componenis, which requires unsoldering, cutting leads, and
resoldering, is an important one, It was found in the microminiaturized radas that repair times for discrete
components were a significant part of the total inhercnt corrective maintenance workload (ICMW).

It is also possible with the ARMAN program to vary certain design factors hypothetically and to
explore their effects upon inherent corrective maintenance times. For example, if modularization is carried
down to the level of one IC chip with its associated two or three discretes, so that these can be put ona
small printed circuit board and the board can be substituted without soldering snd unsoldering leads, a
dramatic drop in the inherent corrective maintenance worklosd time results. The exploration of variables of
this sort with the ARMAN program is currently continuing.

A third model that is under development by EPRG is concerned with the treatment of errors’in the

‘performance of seriabaction tasks, which are charactesistic of corrective maintenance tasks. This model,

now under development, will contain two parts: 3 task taxonomy for corrective maintenance tasks and a
theory of errors. The objective here is to develop a tool for dealing with the problem of human unreliability
in performing corrective maintenance. It is anticipated that a throughgoing analysis of the factors involved
will reveal the principal sources of these errors, and also will provide the basis for developing models
implemented by computer programs to explore important aspects of error generation, error detection, and
error correction in relation to major maintenance interface configurations.

Ultimately, it is anticipated that these various tools can be brought together into an integrated model
which can be used to establish trade-offs between equipment design and personnel training and to point to
the most feasible ways to improve the maintainability of electronic equipment. For example, the BETS
program can be used to identify optimal sequences for fault localization and component isolation; and the
ARMAN program can be applied to these sequences to estimate the time costs of performing them. Two
theoretically equivalent sequences may have quite different time costs, depending on the kinds of
front-panel contrals or test equipment that must be manipulated in order to acquire information about the
state of the equipment. Part of the work on a theory of errors involves finding ways to estimate the costs of
errors, for example, in terms of time lost. Again, it is anticipated that the ARMAN program can be
employed to do this in conjunction with models now under development.
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Computer Application in Personne) Manning and Management

The development of snodern computer technology has had a powerful impact on development of
improved personn:| platning and management techniques. Research initisted only a few years ago is now
beginning to bear fruit in such functions & job classification, personnel distribution, enlisted advancement
planning, fleetthore rotation planning, and planning of personnel requirements, The COMPASS Project, a
computerized technigne for classification and allocation of qualified men to school and job assignmeats has
already been mentioned.

The U. S, Naval Personnel Research Activity at San Diego, California has been directing & contiivous
and concerted effort (o develop and promote the use of computer techniques in reducing the burden and
increasing the accuracy of personnel planning and control. As s result of this effort, a raethod for
computing optimal petty officer ratios in the enlisted strength of the Navy was developed and
demonstrated on the Radarman rating (35). In this method current trends in retention rates, advancements,
and petty officer requirements were tsken into sccount. Another development along the same lines was the
development of s computerized algebraic mode! for use in enlisted personnel planning (36), The model
simulates tho enlisted advancement system and predicts the values of 1ix varisbles for aine pay grades in the
enlisted ratings. More recently (37) a network fiow technique has been developed to optimize personne] on
board by pay grade. This technique simulates the movement of personnel into and out of a pay grade of a
rating. Taking into account the constraints of attrition, advancr ments and demotions, and personnel at the
El to E3 pay grades, the model optimizes the allocation of peisonnel to pay grades in the light ¢f existing
requirements. This is done for a S-year period and considers the personnel presently on board. The
adoption and implementation of this model for use in routine planning is being considercd. Another mods!
has been developed for computerized distribution, rotation, and assignment of persc.anel inte the fleets, It
simulates the distribution process of the Enlisted Personnel Distribution Oifice, Pucific Fleet (38),

The Navy is also interested in the way computer simulation modcls can be used to investigate
personnel performance considerations in the early development cycles of new weapons systems. especially
in respect to man-machine interactions, One such simulation model has been developed under contract with
Serendipity Associates (39). The principal feature of interest of this model is its capadity to determine,
within the total system, the results of interaction between human performsnse variables and other system

- variables such as equipment reliability, spares, and related support equipments. This model is now at the

validation stage. If the results of the validation are favorable, the model should provide a valuable means to
develop trade-off information concerning human and hardware performance characteristics.

Conclusion and Summary

The foregoing review of recent research of the Bureau of Naval Personnel is by no means s fuil and
comprehensive orc. Many studies were omitted from these pages which merit sttention. However, the
purpose of the author, in selecting the studies that were included herein, was to present them as
illustrations of the kinds of problems that have persistently been emerging in recent ycars,

In the area of selection and classification research the traditional focus on the improvement of
differential and prodictive validity continues. But there has been a growing interest in automating teating
and the entire clauification process, including allocation of personne! to billets, As a result, the Navy's
Project COMPASS has come to fruition and will be operational on a centralized basis in a yea:. Retention
problems, which is the Navy's term for personnel turnover problems, have received considerable sitention,
Attempls to develop tests to identify the career-prone person have thus far not been successful, Some
promise, however, lies in the potential value of an officer key for the Strong Vocational Interest Blank. In
the meantime, however, data are being collected to identify numerous variables that are related to a
criterion of retention vs. non-retention.
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Training is such a vast enterprise in all the armed services that sttention to it can hardly be svoided.
The Navy has experienced an expansion of its training research program in recent years. In this srea the
emphasis has been on finding or developing ways to improve training, to make it more efficient in terms of
the investment of time and dollars in certain courses of Listruction 3z well a3 in teams of the ol
product, Hence, a major effort has been directed toward improvement of training in electionics
maintenance. Studies have shown that Electronics Technician training curricula can be pared down in some
respects without affecting the pioficiency of the graduate,

Research on clectionics maintainability has been directed towsrd developing techniques for
measuring the performance of electronics personnel. A principle of cognitive unburdening has led to
successful development of job-aids for Electronics Technicians, A computer model to troubleshoot
electronic equipment has been employed as a criterion against which to evaluate human troubleshooting
performance. Another development emerging from research on electronics mainiainability is a program by
which certain design factors in electronic equipment can be hypothetically voried in order to explors their
effects on corrective maintenance workload. These models should ultimately seive to establish trade-offs
between equipment design and personnel training.

Although normative performance standards are no! too difficult to develop in some instances,
criterion-teferenced performance standard: are quite difficult to obtain, A technique for estimating
persoinel performance standards in the context of a total system has been developed and is in the process
of being evaluated under operational conditions,

Much progress has been made in application of computer technology to simulation of personnel
management and man-machine interactions, Such simulations yield large quantities of information rapidly
and will serve to facilitate the decisions of manpower management planners.
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UNITED STATES ARMY PERSONNEL RESEARCH
IN JOB SYSTEMS SETTINGS

J. E. Uhlaner and A, J. Drucker
United States Army Personnel Research Offics
Department of the Army

Historicully, the personnel research sctivities of the U, §.
Army Personnel Research Office have been largely the sctivities of
induitrial psychology, We came by this trend naturally since our
pioncers were essentlally industrial psychologists, steeped in the
teadition of the psychology of jobs - the psychology of the world of
work. The methodological mainstay of industrial psychology,
psychological testing and test development, became APRO's
mainstay (and in many ways still is) to predict success in training,
success in total job performance, or success in slices of jobs, tasks, or
job functions. As a case in point, APRO has worked intensively on
general mental ability testing for screening enlisted personnel, first
for the Army alcne and from 1950 to the present day, a5 Executive
Agent for the Department of Defense. Similarly, APRO from World
War 1l to the present has been heasvily engaged both in the
methodology and substance of differential classification, Today,
under a directive from the Assistant Secretary of Defense/Manpower (Secretary Morris), APRO is
spearhesding a joint-service effort to develop a common aptitude test battery to be utilized by sll services
for screening and classification purposes in the high school testing program.

Pethaps becsuse of the great emphasis the Army has placed on individual combat performance and

- -individual combat officer performance, APRO has for s number of decades also emphasized noncognitive

research, To review the dozens of projects in the area would go well beyond the scope of this paper. Most
significant perhaps in the esrly period was a heavy concern with the development of possible piedictive
measures of successful combat performance from the point of view of the man's will to fight as a vital
sdjunct to cognitive capabilities required in such situations.

The finding that combat performance could be predicted through noncognitive measures was turned
into operational use, The Clansification Inventory was introduced into the Army Classification Battery in
1958, as well as into the Army Aptitude Area System (13). Combat performance itself was measured
largely by means of ratings, the promise of “objective” criteria being fruitiess. We capitalized upon years of
research to establish methods for obtaining reliable and valid ratings appropriate for use s job criteria. For
example, in repeated studies, we found that a large general factor dominates the rating even where
concerted attempts have been made to measure different aspects of job performance by using a number of
specific rating scales, At least once we tricd what might be called contextual suppressors (12). In predicting
combat performance we tried once again to delineate different aspects of combat proficiency but had 1o
settle on how good a man's overall performance in combat was (8). We had also found very little difference
in validity between ratings by raters classed as “hard” and those called “casy” raters and stopped worrying
about the rater difference (1; 2). The intelligence of the rater had been found to make litde difference,
excepl possibly, where raters were in the lower portion of the distribution on mental sbility (3). We
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scoumutated empirical evidence that raters dgree more in their evaluations of Jub success if they have had
more opportunity to observe the individual performing on the job; e.g., péer ratings have superior validity
aver cadre ratings (4). Fellow trainees or fellow workers on the Job are generally in a & ~tter position to
observe performance of another. Perhips this b an ubvious finding, but in the basic training situati n, even
a period as short as three ur five weeks is sufficient to anable the rater to make the gross judgment required.
Equally obvious, pethaps, is the finding that the rating based on the judgments of more than one rater is
bettes than the single rating. This is true 1o the Wne of a rating valdity of A3 for single ratings compai - i to
the average of tén ratings with 2 validity coefflciont of .84 {3), Little improvement can be expected beyond
ten. How many sctually to combine s & matter of sdministrative convenionce. These findings we capitalized
upon quite rexdily.

In more recent years it became apparent that for predicting differentisd officer success, the kind of
phitosophy which we had used succassfully in differentinl eniisted clasaification could be readily transtated
into action in the C ficer Prediction Research Program, The study to differéntially predict officer success in
combat, administrative, und technical assignments is approaching completion (14),

We said earlier ti* the personnel research psychology effort in APRO has been based in industrial
psychology. To charscterize our current research offort best is to say that during the last decade we have
moved even more vigorously into the psychology of jobs and the world of work while taking full advantage
of methodological developments such xs operations reseasch (including cost effectiveness concepts); we
have piasced emphatis on misslon output; we have taken greater and greater advantsge of sophisticated
computer capabilities and its software; and we have added systems analysis (o our stock of techniques

What has all this meant? For us at APRO it hus led to the development of a research program
designed to improve the total mission output in a work setting, be it a simple job,  slice of a job, jobs in
the aggregate, or a group of jobs interrelated in conjunction with sophisticated equipment. APRO's current
effort is charscterized by a concern with each of these areas (Table 1). However, there is much less
preoccupation with finding the best man for each job, With greater and gresier shortages of skilled
manpower, whether military or civilian, and in fact with greater shortages of any manpower, selection must
often take a hind seat. We have recognized that industrial and personnel research psychology have, afiter all,
classically concentrated not only upon selection and training but upon work methods and interface
problems with equipment and the man in his total work environment.

With the methodologies and computer equipment available, we could begin (0 ask more profitable

reséarch questions, taking into sccount real world variables. First, how can the military effectiveness in 2
systems setting be improved? Second, considering more directly the military user's problem, how can we
improve the military mission effectiveness, assuming that we can realistically measure this effectiveness? In
fact, much of recent effort has been to borrow psychometric theory for criterion development and apply it
to systems output measurement (11). Once that is accomplished, additional questions can be asked. If
selection and training are held constant (Table 2) ind work methods varied, what effect is there on the
messured output? Using a messured output of performance of accuracy sund compleieness in an
information system, we examined a varioty of Work Methods for image interpreter teams (Tuble 3):

Work Method |, in which tmage interpreters worked and reported independently and in w'ich their
performance was scored for right identifications, wrong identifications and omits for teams of two.

Work Method I, same as Work Method | but scored only for responses on which the two interpreters
agreed.

Work Method IH, wherein interpreters worked in teams and discussed their identifications freely
before recording them.
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Tahle 1. APRO Research in the Rorld of %ork

Jub Oiisnitasion Rosvurch Apprasch
Slices of Jobs Human Petformance
Expetimentation
Group of Jobs in Manned Systems
Conjunction with Rescarch

Sophisticated Equipment

Jobs in Aggregute Selection Research

Table 2. lmproving Militar Effectivenens in a Systemn Setting

Selection

Intecaction Teaining o . Work Trade-Offs
Methods

Intetface of
Equipment

Tuble 3, Total Mean Performance Scures for image Interpreter Teams Norking under Dilferent
Methods and for Individuals %orking Alonc®

Tosm Marhods Right Wreng % Accuracy
I Independent: All responses (N = 15 teams) 15.1 112.9
I Independenc: Agreed responses (N = 15 teams) 39 7.1
Il Coopetative (N = 30 teams) 10,1 40.6 22
IV Individuals Alone (N = individuals) 8.1 50.8 16

® Mean Right, Yrong, and Accuracy scores between team methods are signihcantly differeat (P€0,011,
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Mcthod | gave the largest number of correct identifications but alse the largest number of wrong
identifications. Method 11 gave a much better accuracy record but had many fewer identifications of either
kind. Mcthod I had some of the advantages of both 1 and II. Each method was thus judged to have
potential usefulness to the commander, depending upon his needs: Work Method 1 for maximum
identifications (however, including many wrongs), Work Method I for maximum accuricy (however, fewer
identifications), and Work Method il for a 1easonable compromise (6).

If we provide sopaiiticated equipment such as stereo to the image interpreter at a known cost {which
might be considerable), is stereo worth it dollar cost in terms of its accuracy and completeness gains, if in
fact there are any gains? What would be the effect on the measured output? In short, the curzent thinking
in APRO is to approximate the world of work at least in part in a systems setting where interaction effects
can be systematically examined and trade-offs evaluated from a cost- effectiveness point of view,

Let us call it the criterion concep! in new dress. If we are going to put more money and time in
training for a given level of perfonmance, how much poorer quality of personnel can we utilize? It seems to
us crucial that a beginning be made to attempt research where a mix between different kinds of training and
varying qualities of people available are evaluated and the different mixes are studied in terms of payoff,
cost matrices, and trade-off considerations. The military might specify its objectives in terms of time and
cost of training. Eight weeks are now required for basic training. Perhaps four or twelve would be more
useful. Perhaps we might use a track syster.. and achieve better results ir. the same length of time.
Computerization and simulation techniques at least make possible ezperimentation with these potential
advances. Of course, many of these projects may involve getting several organizations together.

By way of refocus, the iesearch program of APRO falls at this time under three major categories, with
efforts under each as indicated in Table 4.

Under Human Performance Experimentation we seek principles applicable to many Army systems.
General behavioral functions common to many Army systems to enhance man’s functioning in those
systems are studied. These activities have been conducted with regard to such behavioral functions or slices
of jobs as vigilance required of monitors in many systems, ability to communicate more efficiently via
radio-telephonic means in combat operations in a modern tactical environment, and other functions now
under expioration such as ability to perform cfficiently in night operations. To do the research, we obtain
parameters and variables {from the military systems under study. We simulate in the laboratory, using special
program equipment for dafa input and data reduction, and check out the experiments in the field. Typical
independent variables used in vigilance research are shown in Table 5.

Typical of the Selection Research effort, where we study jobs in the aggregate, is the attempt to
determine how to make optimum use of enlisted personnel of lower mental standards. A host of studies in
the military seivices over several decades has shown the utility of AFQT scores in measuring the potential
valve of young men for performance in military jobs. As we go down the AFQT scale, however, we are
harder put to find ways of training the men, on the one hand, in a reasonable veriod of time, and on the
other hand, to a level of performance where they can function without close supervision. Cumulated
research experience dictates we must hold to a quality level with a reasonable success probability.

The use of manpower models in personnel resource allocation research is another examp' of what
needs to be done about jobs in the aggregate. In a series of studies ¢ nducted at the U. S. Amy ; ersonnel
Research Office, a sequence of computerized simulations of personnel systems has been develcped. 4a such
models sequences of normally distributed random numbers are generated and then transformed so they
have the statistical characteristics of scores on the variables ropresented in the model for the input
population. Particular operations arc then applied to these simulated personnel samples, the optimal
aliocation is performed, and the criterion variable is calculated.
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thie 4. Major Catcgories of Rescarch st

APRO

Humon Perfermonce Exp antation Monned Sysrems Reseorch Selection Ressarch
Monitor Performance { gilance) Image Interpretation Screening and Differential
Classification
Combat Communications Information Assimilation Qualitative and Quantitative
Requirements
Nigh: Operations Decision Making Officer Leadership

(under exploration)

Combat Selection and
Special Warfare

Manpower Information Systems

Table 5. USAPRO Vigilance Research

(23 Variables for Vigilance Research)

Specific Signal Characteristics

Personal Factors--Changes

Spatial location of display Fatigue
Background stimulation Muscle tension
Programmed artificial signals Search pattemns

Differential allocation to sense modalities

Immediate Task Factors

Personal Fuctors--Individual Differences

Personality
Length of vigil Personal history
Supervisory techniques Perceptual acuicy
Physical restrictions : Self-report (within session)
Responding proce dures Time perception

General Environmental Factors

Activity levels

Sex of operator

Ambient noise level
Background lighting
Temperature and humidity

Job motivation
Stability and generality of vigilance

Example: In setting up the Aptitude Area classification system in 1949, certain operational
expedients were introduced to facilitate hand computation of performance estimates, the compiling of
data, and the assigning of men. The Aptitude Area score was one such simplification, even though
least-syuares regression estimates of performance in various Military Occupational Specialties (MOS) based
on the 11 Army Classification Battery (ACB) tests would provide the most efficient basis for personnel
assignment. Each Aptitude Area was based upon only two ACB variables and was used in lieu of, or as
approximations of, predicted performances for specific MOS categories or occupational arcas. The same
Aptitude Area score is nsed for all MOS within each of the occupational categories. A second operational
expedient was usc of grovped scores from 0-9 instead of the full range of Army standard scores of 40-160.
How much information was lost by these expedients? Two major simulations were conducted (o estimate
the amount of gain in overall performance that would result from substituting full regression estimates

based on a full range of scores.
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Optunal allocation was carried out for a number of samples using both the Aptitude Area scores and
the feast-squares regression estimates of performance. Realistic quota restrictions were imposed on the
allocaon. The procedures were then evaluated by calculating the allocation averages, i.e., mean expected
performance for personnel allocated by the two procedures. Average performance under optimal allocation
with Aptitude Area compusites was approximately 3 to 3': performance units higher than expected under
random alfocation. Thus, the average gain over random assignment by optimal allocation would be twice as
much by using regression estimates of performance as it is by use of the current Aptitude Area scores, The
g inin the pereentage of men of superior performance assigned by the use of full regression as compared
walh die Iwosvariable composite is even more inpressive. On the basis of this study and similar studies now
ite proguess, recomimendations have been made concerning implementation of certain regression estimates of
performance for atlocation procedures (9).

in the second study. the effect of scure groupings on value of the objective function was studied. A
significant 'oss occurred in the allocation average using the one-digit code, although the loss is
comparatively small. Nevertheless, we would recommend use of the full range of performance estimates in

e content of a newly designed automated system in which the full range could be used with no or little
additional cost.

Both of these findings, of course, argue in favor of the Army’s automated personnel assignment
system, Considerable gain would be expected by making the operationa! changes indicated in the context of

the computerized system now being designed and implemented. Such change would be impracticable within
a hand »llocation system (10),

Under Manned Systems Research the emphasis is on enhancing systems output as relates to man’s role
in small Army systems; this is one of our most exciting areas. It is truly here that the challenge of
conducting integrated human factors rescarch is finally met.

Certain aspects of our Surveillance Project are illustrative. Our effort in this project concentrates on
image interpretation of surveillance systems and on information assimilation and decision-making of
command information processing systems. Systems output is measured in such terms as accuracy,
completeness, and time for decision. Here, particularly, we combine field and laboratory effort and use
computer simulation extensively, including real-time. As we said earlier, manned systems research is

. characterized by an integrated research approach-which might involve all the human factors aspects in the

man-machine interface. Obviously such an effort is sizeable, and we make use of a dozen or more contract
groups each year. However, since the chief purpose of the APRO in-house organization is to ¢onduct
research, the policy is to maintain a ratio of at least SO per cent of scientist time for doing in-house
research. We are encouraged by the potential gains to be made for the military, especially the equipment
and systems designers; these gains can be couched in terms they can best appreciate. Here is one example
we are particularly excited about.

Fundamental to much of the systems output, and particularly man’s performance within those
systems, is the total complex of better, more accurate, more timely decision-making. Based upon the
greater capability of measuring systems outpul now at hand, this approach brings together psychometric
theory, probability theory, and man-machine interface knowledge; the approach uses the computer as &
major partner and considers cost in a total value (not solely economic) sense.

The research in question - @ muyor program at APRO - deals with a rational means of improving
decision-making. The feasibility vad usefulness of using expected cost estimates as a means of controlling
the information produced by ... .aage interpretation facility is being investigated. This approach employs
realistic systems concepts and means for implementing an expected cost matrix. One inajor requirement is

.
¢
P
; |
i |
o]
C
i

i

3

-» !




to obtain computer-calculated estimates of the probability that a given identification or a given observation
is in fact correct. The second requirement is to develop error-cost matrices containing value indices for each
type of response as it relates to the true state for particular military situations.

The decision maker's judgments and expesiences must first be made explicit in the form of
probabilities and value indices in the construction of a decision problem. When a given problem is

formulated, the decision model can spacify 2 course of action which is best according to well delineated and
measutable criteria,

Table 6 illustrates the general case of how the decision maker, although not knowing the true
conditions prevailing at the tima of his decision, can nevertheless choose among response alternates by
L 3 taking into consideration both the cost of responding inappropriately, given various possible true .
: : conditions, and the probability of incurring the costs. When the costs are multiplied by the probabilities,
the resultant product is the expected cost, i.e., the loss which could be expected from following ¢ach
response alternative. The decision maker need only choose the response alternative with the least expected
cost. {n Table 6, choosing Response D would minimize the decision maker’s risks.

Table 6. Deciding Among Alternatives Using Expected Coss*

Response Cost of Each Probubility of Expected Cost
Alternative Alremative X fncuring Cont = of Response
A 50 60 30
H B B0 .30 24
c 25 .80 20
D 30 .40 12+
E 50 .30 15

. g . .

* Decision Rule: Choose alternative with least expecied vost

R
|

The purpose of a payoff matrix is to provide a set of numbers for alternative decision possibilities
: which can serve as a basis for rational choice among these alternatives. For example, within the intelligence
: area, the error-cost matrix could serve the military commander for making decisions within the tactical or
. strategic setting. A means of first determining information needs and then of determining the cost of failing
' to provide the needed information for a particular military situation was evaluated. As you well know,
military significance will be affected by factors such as attack, defense, trafficability, and the nature of
enemy forces. Echelon differences also impose different requirements.

In essence, in the image interpretation system, the errorcost matrix is a table of the costs of
misinfermation, In the operational situation, basic cost information would be determined by the military
decision maker. Since different military situations are expected to impose different information
§ requirements, we developed 3 means for associating a particular situation with the appropriate efror-cost
matrix, This was done by identifying situation families, developing a priori matrices for them, and providing

field personnel with a ready means for classifying the particular situation of concermn intw one of these
situation families.
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Table 7 contains an abbreviated sample tnaviix. The highest cost in the matrix is the error of omitting
a missile: the lowest cost is the imprecision error of calling a truck a vehicle. The other costs in the matrix
are intermediate in value. There is, of course, no cost for a correct identification.

Table =, Ve of Fxpected Costs to Control System Remponses
(Maximum Expected Cost Set at 2.0 by G-2)

Example !

Peob. Expected
Responsas ™ TR » NO Vector Cost
Tank [+ 2 5 4 .50 1.9+
Truck 3 0 7 2 .10 - 2.8
Missile 4 S 0 6 .10 37
Nothing 5 3 9 0 .30 3.7
Vehicle 2 | 6 2 2.3
Weapon 3 3 4 4 3.4

* Decision: Report Tank

Let us suppose that a given object on a surveillance photograph has been identified by an image
interpreter as a tunk. The computer tells him there is only a 50 per cent probability that the given object is
really a tank. To determine the probabilities, the computer takes into account such variables as image
quality parameters, the established ability ievel of the interpreter, the difficulty of the target, and the level
of confidence the interpreter has in his initial interpretation. For the other targets, let us suppose that there
is @ 10 per cent probability that it is really a missile, and a 30 per cent probability that it is really not a
target at all. Then, multiplying the cost matrix by the associated probabilities yields the expected costs of
the reporting alternatives. In this example, the lowest expected cost was for the response Tank. Therefore,
the obiect-in question-would be reported s a tank even though there is only a SO per cent propability that
it actually is a tank (7).

The decision-making officer to whom the report of the image interpretation facility is being sent can
control the accuracy of the information produced by the image interpretation system by setting a quality
standard for his acceptance of the information. In this case, this standard is a single number representing
the maximum cost at 2.0. Only responses with an expected cost at or below this maximum cost would be
reported. In the example just shown, the Tank response would just qualify.

However, if the probability of the object being a tank were slightly lower, the expected cost of
making this response would rise. None of the expected costs would be below the maximum acceptable cost.
The image imerpretation system could not report the object one way or another. The system would then
seck to improve the quality of the information through a number of means such as asking other interpreters
to identity the object in question, obtaining better surveillance cover, or seeking corroborative intelligence
information. Any or all of these steps will change thie values in the probability vector and allow one
response or the other to achieve an acceptable expected cost. The decision maker, by raising or lowering the
maximum cost, can thus control the amount and quality of the intelligence produced by the interpretation
system. Setting a high standard will tend to allow few identifications but will yield highly accurate
intelligence. Setting a low standard will allow a large amount of information, but the average accuracy of
the information will be low.
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Efforts such as these, in our opinion, will truly be a vehicle for making the rescarch end products for
manned systems research most useful for military planners, military decision makers, military designers~the
persons involved in interfacing man with sophisticated equipment, including computers, for the purpose of
making rational, rapid, and accurate decisions.

We have attempted in this paper to present a view of the current APRO program as one emphasizing
the interdependent aspects of military human factors problems and as one interrelating these aspects in
broad research approaches. From the research situation where man was the focal point, he has come to be a
link in the man-machine-computer system, and he is so regarded by the rescarch scientist in this setting.
Recognizing that to management the salient concern is effective system aulput, the researcher no longer
asks siniply: Is map A better than man B? He asks: For a given cost, do the end products of the developed
system meet the military man’s requirements? The greater complexity of such a research approach, we
believe, will more fully meet the military user’s needs.
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RECENT PERSONNEL RESEARCH
IN THE UNITED STATES AlR FORCE: A REVIEW

James H. Ritter
Personnel Research Laboratory
Department of the Air Force

Former Vice President Alben Barkley once told a story about
a United States Senator whose young friend suddenly announced his
support for the Senator’s opposition. The Senator, quite perturbed
about this decision, called on his friend and said, “John, 1 don't
underatand your recent action. Do you remember when you
graduated from high school and had no money to go to college? You
came to me and I gave you the funds for your education. When you
graduated from college, | helped you through law school; after law
school, 1 got you your first job with a law firm, Later, when you
decided to run for office, 1 helped you by guiding your campaign,
thereby enabling you to get support from friends of mine, and I even
financed it in part. Last year I interceded for you with the Governor
and had you appointed to your present job. Now all of a sudden you
announce that you are supporting the opposition for my office as
Senator. I do not understand, John, why?" Undismayed, John
retorted to the Senator, *“It’s true that you did help me through college, you helped me through law school,
you helped me in my first job, you helped me on my first political campaign, and last year you helped me
obtain my present job through appointment from the Governor-but, Senator, What have you done for nite
lately?”

This morning 1 shall talk generally about what personnel research we have done for the Air Force
lately. Sometimes in the research field, we see the results of our research on a long-range basis quite well,
After the research has been finished, however, the applications are not always immediately evident, and we
face the continued pressure of “what have you done for me lately? | could cite for you a long list of the
rescarch work that the Personnel Rescarch Lahoratory has been doing. Instead, ! intend to pick out
representative examples of accomplishments. For those of you who would like a more complete list, [ refer
you to a Personnel Research Laboratory publication PRL-TR-65-23 put out in December 1965 entitled
Abstracts of Personnel Research Reports: VI- 1954-1965.""

Apparatus Tests for Selection
An example of recent “hardware” research in the area of personnel is in the field nf selection, During
World War 11 and for approximately ten years thereafter selection devices for pilots, and to some extent

navigators and bombardiers, depended not only on paper-and-pencil tests but also on apparatus tests. In
1952 the apparatus tests were dropped because, although they added some validity to the paper-and-pencil

* This decument may be obtained by request from the USAF Personnel Rescarch Laboratory (PROI),
Lackland AFB, Texas 78236. All studies described in this paper are referenced in the **Abstracs.*”
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tests, the cost factors associated with individual or small group testing, plus the cost of the hadware itself,
were tou expensive in relation to the gain, [t occurred to some of our psychologists in the Persunnel
Rewarch Laboratory, and | am sure to many people outside of our Laboratory, that a study should now be
made of pereeptual psychomotor tests Yor airerew selection to see if the state of the art has advanced to the
degree where upparatus tests could add appreciably to the retability und validity of our selections on a
cost-effectiveness basis. Farly last year, George Passey and Bill McLaurin at the Lckheed-Georgia Company
made 8 thorough review of the problem and came up with some research which indicated that the proper
type of apparatus lests might very well improve our aircrew selection techniques. The apparatus being
developed is moderately portable, being packaged in four pringipal units cach welghing less than 70 pounds
and apgregating less than 15 cubic feet, It embodies 13 different tests of perceptuat and psychomotor
functions in 19 arcas identified as critical to performance and behavior related to aircrew success, These
include such things as motor skills, threeaxit tracking. information processing, pereeptual skills with
multi-displays, attention span, attention inertia, visual perceptual speed, and motor interference. The device
alsv includes automatic recording of responses, scheduling paced and unpaced response regimes, the
capacity to endure long operations, measures of resistance to distraction, and the like,

The machine is completely electronic, and uses cither punched paper tape or computer tape for
programming inputs and recording detailed outputs. 1t is completely flexible in the sense that tests can be
ordered in any sequence, and prescented in combinations as desired. It is automatic in its internal timing of
tests, response times, and so forth. The use of this new batlery appears so promising that further rescarch
on this apparatus is being conducted independently by Lockheed without additional Air Force contract
maoney,

Openational Paper-and-Pencil Tests

Paper-and-pencil tests continue to occupy much of our attention. Presently being used for the
selection of pilot trainees is a subtest score from the Air Force Officer Qualifying Test. The entire
examination is used to yield several sublest scores for selection and placement of Air Force officers. The
AFOQT is only one of many operational tests which are developed, scored, and revised by Laboratory
personnel. Other tests include: The Armed Forces Women's Selection Test, the Airman Qualifying
Examination, a pre-enraliment test for ROTC, and specialized tests such as the Electronic Data Processing

Test. This *'bread and butter” operation is estimated to save about 25 million dollars yearly in training costs
‘zs 3 result of improved selection. Operational test research and developnwent is a reciprocal function in

which the personnel rescarcher prepares a device of great value to the Air Force and is rewarded with data
and the opportunity to advance psychometric techniques at the same time,

Human Relizbility

A must complex area of research is the prediction of human sogial behavior, The Personnel Rescarch
Laboratory has had extensive involvement in problems of predicting human reliability and unreliabitity.
During the first ten months of 1958 nearly 20,000 enlisted Air Force personnel were discharged for
“unsuitability.” Task scientists of the Personnel Research Laboratory were directed to examine this
problem, and a program of research was initiated 10 identify the factors associated with this type of
unadaptive behavior. The favorable results from this identification project led to the adoption of more
stringent enlistment criteria which resulted in a marked reduction in the number of enlisted pecsonnel
discharged for unsuitability or substandard performance.

As 4 result of high-level concern about the possibility that an emotionally disturbed individual might

detonate a nuclear weapon, the Laboratory was directed in 1959 to pursue a research program to identify
potentialy unreliable personnel prior to assignmeat to high-risk jobs. The human reliability program
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implemented in 1961 is a direct product of this research effort. The employment of Laboratory-devised
mittal setection procedures, together with riew operational techniques for personnel assigned to nuclear
weapuns duties und other high-risk duties, resulted in a sharp decline in unsuitability sttrition within the
wnsitive career flelds All of this resulted in the formation of an Assessment Branch which was activated in
January 1906, Nearly 10,000 new enlistees each year are screened thoroughly in advance of inftiation of
background investigations for possible assignment to nuclesr and intelligence duties. You might be
interested to know that during the first six months of this year, the Assessment Branich prescreened 7,800
airmen and selected 3 Nithy over 3,000 Jf them f{or assignment to these sensitive career areas. Of the 3,000
men selected, not une was denied 2 security clearance liter on due to an unfavorable background
investigation. The Assessment Branch screening is much less expensive and more timely than the
background investigation procedures.

Another current study in our Laboratory is addressed 1o the problem of evaiuating both rets of
provedures mentioned above with the hope that improvement in cost and efficiency can be realized,

One more area of rescarch “fallout” shouid be mentioned. As you know the military services are
accepling increasing numbers of men in the lower mental ability level, the so-called Category IV group.
Since ability level has always been one of our primary research variables in studying reliability, we have
amassed considerable knowledge about the successes and failures of low-aptitude personnel. Task scientists
of this Laboratory have therefore been directed to conduct research into Air Force training and personnel
utilization systems so that the benefit of military service can be maximized for these people.

Historical Data Files or Longitudinal Files

One of the primary research activities within the Laboratory for many years has been the
development of historical data files, This unromantic, tedious phase of personnel research has generated the
empirical base for many of the studies with which the Laboratory responds to Air Force needs, We are able
to dc thes things now because of the earlier foresight of the *‘data-savers,” -records management
regulations notwithstanding! These data files provide the constants for understanding, describing, analyzing,
and projecting the personnel system, as shall be discussed in the next section.

The officer and airman data bases are generally of three forms:

1. Information on gains-to the Alr Force, Airman classification files date from 1949 and are quite
detailed and complete from 1956 on, The officer input file, Project M, contains demographic, training, and
evaluation data on officer gains since 1956.

2. Strength files. Since December 1960 detailed data have been obtained semi-annually on the total
officer force; similar files have been acquired quarterly since December 1964 on the airman force. As a new
strength file is obtained, composite files are constructed.

3, Special files. These are many and varied. Major ones incluje the OER file, containing the
cffectiveness report history of officers since 1955; officer flying and technical training, and airman
technical training files from about 1950; airman reenlistment/loss files, dating from 1956, uare vital
ingredients for studies of trends in retention and other topics. Other special files contain experimental
testing data, job inventory data, and so on. Our data banks begin, of course, with the World War Il Aircrew
Classification Test Battery files.

These files have been the fount from which the response to a multitude of high-priority USAF
operational studies have sprung. For example, an urgent requirement by Mr, Ronald Fox, then Deputy for
Management Systerns, Office of the Assistant Secretary of the Air Fosce, resulted in a study of great
consequence to military personnel. During the extremely brief time span of 13-22 February 965,
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Labomatory personnel developed new methods for axsessing and reporting officer professional skills, airman
reentistment rates, and other personnel data, This maximun efTort contributed markedly to the success of
the Air Force Pay Stu-'y which led to increases in the military pay structure,

Project M, which permits comparative studies of input tu the Ait Foree officer corps, was the data
source for the development of an AFROTC nuanagenient contral system,

The {les have been used o provide demographic. training, career progression, and quallly analyses of
scientific and engineering officens, transportation officers, civil engineering officers, logistic and supply
officers, senior noncommissioned officers, and other groups. They are used roulinely in studying such
topics as trends in promotion and retention, officer foss rates, and the recruitment and utilization of
low-aptitude personnel. The literature reveals a growing awareness amony personnel rescarchers in the
academic and industrial worlds of the need for such longitudinal bases. We ate proud that we are among the
first to sec¢ the need and to actually collect such data!t

Job Anulysis

A fifth area of research that 1 would like 1o mention is that of occupational structures reséarch, There
are four main activities: First, the development of methods for collection, analysis, and reporting of
information descriptive of Air Force jobs; second, the development of methods for organizing jobs into
specialties, career ladders, utilization fields, and broader management categories; third, the development of
methods for evaluating the capability of personnel to perfurm jobs in their career ladder or utilization field:
and fourth, the development of methods to determine the appropriate grade levels fur officer and airman
jobs.

For the first time in history, we believe that we are in a position to define precisely the work being
performed by Air Force personnel. This is done through the use of the job inventory in which the tasks in a
career ladder or vtilization field are listed. Task inventories can be prepared which permit accurate and
reliable collection of detailed information as to the tasks done at each skill level in each specialty in a carcer
ladder. Although there may be from 300 to 600 individual tasks in a specialty, data resulting from these
inventorigs can be processed through the computer, with reports emerging in formats describing the exact
work performed by any group of interest, as for example, airmen at the journeyman skill-level, assigned 10
the Strategic Air Command, presently in the zone of the interior, who did, or did not, attend a technical
school. Such a detailed description is ideal for planning a course curriculum, and it makes possible training
aimed at specific tasks encountered on the job. It also can be used to dictate the content coverage of the
Specialty Knowledge Test appropriate to a career ficld.

We have recently finished an additional set of computer programs to be applicd to data collected
through the task inventory procedures. These programs are expected to contribute to the accurate
description of work actually accomplished, in a fonmat useful 1o Air Force managers, Additionally, they
will provide basic data for effective exploration of the second major activity=the development of methods
for organizing jobs into specialties, career ladders, utilization fields, or other appropriate management
groupings. These computer programs will permit the idertification and quantification of differences in task
performance among individual jobs, among members of homogeneous job types, or among members of
different specialties within the same career ladder.

The combination of a task inventory and a computer offers a powerful new tool for exploration of
the third activity-the development of methods for the evaluation of the capability of persons to perform
their jobs. We have enjoyed some success in relating supervisory trait ratings 10 overall criteria of success,
but we believe that opportunity for a major breakthrough exists in the collection of performance
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evaluations at the task level, A research program is under way to evaluste this fatter possibility. The Purdue
Rescarch Foundaticn i atlempling (o cisrify the detaits incidontal to this s¢heme. Success in collecting
petfonmance evaluations should offer us 4 mote objective procedure to explore in the fourth activity-the
determination of appropriate grades for officer and airman positions.

Another bysproduct of occupational research is that the development of the jub inventories has given
us a tool to assist in the cunsituction and validation of cur Spesialty Knowledge Tests, The SKT Division
makes the tests used for the upgrading of airmen from the 3- to e 5- to the 7- to Uie F-skill levei, The tent
construction outline is o plan prépared by subject-matter speciatists for writing and sclecting the test
questions to be used. By comparing the inventory developed by the Occupational Research Division with
the subjeci-maller specialists’ test constiustion outline, the SKT people huve an independent source of
checking the completeness of the SKT, This should ofer good pruipects for incrersing the teliability
validity of the SKTs,

Qur effort to devise a methudology for the scientific determination of appropriate officer grades has
been successful, This method of 4 mass procedure, provides data descriptive of the proper distribution of
grades for a given number of officers in a given utilization area. We have recently extended this rescarch to
make it applicalde to single positions a¢ the local level by manpower officers, The rating scales use a
technique whereby job requireimnt factors are closely aligned to a typical position. This procedure
provides built-in controls to permit accurate job evaluation. The identification of typical positions 1o define
scale levels serves also to reduce inflationary tendencies in ratings.

This type of research will ensble Headquarters USAF to derive guidelines to the proper grade
distribution for an Air Force of any size a..d with any desired mix of specialties.

Policy Capturing

Another area of research, is that of capturing poicy, In 1948 and 1949 when I was a student at Ohio
State enroute to the PhD, we used to play around with a cute little device known as the “multiple
regression equation.” The multiple regression equation to us was somewhat of a scientific plaything,
However, at the Personnel Mesearch Laboratory, Joe Ward and Bob Bottenberg have developed technigues
for use of the multiple regression equation as 4 method to capture policies of human decision-makers. This
technique enables the researcher to determine the unique or interacuive value of several variables in
accounting for the predictable variance of the criterion, We do not depend upon abstract, theoretical
assumptions but program, instead, variables in quantified form,

The machine services are not limited to processing information, If the digital computer has the same
information as the humsan decision-mater, the predictable essentials of human information- processing in
reaching decisions can be captured. Given this information and a sample of several decisions satisfying (o
management, the machine “learns’ the policy and applies it in similar situations,

Before 1 am accused of promoting excessive anthropomorphic concepts, let me explain. The basic
technique is simple. The computer treats the sample of decisions as a dependent variable to be predicted,;
the empirical information on which these decisinns are based is used in various combinations to form the
predictor variables, There is no problem of asking people how to weight these variables. The jegression
equations developed to predict the dependent variable constitute a quantitative statement of policy that is
often more consistently accurate than is available from human decisivn-makers.

This is the method that was used by Christal in studying the proper grade level for Air Force ufficers
which I mentioned previously, Similar techniques have been used to capture policy of selection boards. The
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tandoanncsem humar. padgment. The techimgue < heing tesied by the A Training Command o provide the
basie assgnment pohicies which ate included i the automated a‘rman assignment program. This program
developed by the Laboratory abso eludes an optimizatiun algorithnn which insures that these policies are
maximally implemented. A possible advance in thus area i e work of Dr. Carl Kossack at the University of
Geargia under contract. He 1s hopeful of replacing the muitiple regression analysis technique with a
statistical procedure which will give 4 wcore hased on (1} vontinucus variables, {2) dichotomous variables,
and (3) discrete but numbered variables, This technique, if it works, will be especially important in
developing scientific decision-miaking models, manpower utilization models, and assignment of personnel
models. Kossack, @3 you remember, initially pointed out the pussible application of Markovian processes to
movement through personnel systems. As his own paper at this Symposium will demonstrate, we rely ou
him fur theoretical thinking about our personnel systems research at ali levels.

Mathematical Models

Mathematical models, particularly when set up for “war-gaming,” are always interesting playthings. |
can well remember in Air Research and Development Command days, General Lee Davis used to inveigle
my boss, Colonel George Long, into playing war games on an apparatus he had devised. The Statistical
Methodology and Analysis Division of Personnel Rescarch Laboratory has adapted modern modeling
techniques to immediate operative needs. An excellent example of this is a iiudy made for General
Momyer, previous Commander of the Air Training Command. General Momyer was concerned with the
number of man-days lost in waiting time by pipeline personnel during the sequence of events which occur
when coming into the Air Force, compieting basic training =t Lackland, moving through technical schools,
and finally being given on-the-job assignments. Staff personnel made General Momyer aware that a lot of
man-days were Jost, but nobody had a real “feel” or “‘handle” for the problem. We were asked to look into
this PATS problem, that is, personnel awaiting training status-and see if we could model it for use by
General Momyer and his staff to war-game various permutations on the themes of efficiency and increased
responsiveness to the changing needs of the Air Force. It was not a simple problem because many people
come into the Air Force each month-approximately 10,000 on the average-not only from all walks of life,
but from all sections of the country and from different statuses, There are those with no prior service, then
there are those who have had Air National Guard training, thosz who have had Air Reserve Training, WAFS,
ROTCs, medical trainces, and so forth, The normal six-weck basic training situation complicates the
problem still further. Although recruits assigned to technical schools normally take six weeks of basic
training at Lackland, in times of emergency they take only four weeks of basic training at Lackland and
two weeks more at technical school. Those not guing on to technical schools either complete their six
weeks of basic training at Lackland, or take four weeks at Lackla.d and two weeks at some OJT location, if
basic training is offered at the OJT point. To complicate the problem still further, technical (raining of
different types is offered at Lowry, Chanute, Keesler, Sheppard, Lackland, and Amarillo Air Force Bases,
and the same training may be offered at two and even three of these bases. Training is not offered around
the clock, nor even every other week. It has to be programmed “ur the size of the unit and length of
training. After training, some of the people remain at the technic.  .heol for various lengths of time before
they are shippcd off to a job. In some cases people go dicvctly [ - u.e technical training course to another
technical training course. The quotas are all different and change frequently. All of these possibilities had to
be considered for inclusion in the mathematical model.

Technical training is given to about 80,000 airmen per year out of the little over 100,000 who come
into the Air Force. Also, at each stage of the pipeline, there is some attrition; for example, the attrition
from the technical training courses is approximately 8 per cent; from basic military training, approximately
6 per cent. These fucts were also “cranked” into the mathematical model which showed quite clearly where

the pipeline flow could be increased at various points, and again where some of the flow perhaps could be
decreased,
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developed at the Laboratory and which have found practical use. At the present time. you nught he
interested to knuw that the Laboratury has been asked to model the entne An Force low and operation.
This, of coutse, 15 2 tremendous undertaking.

The job is to be accomplished in phases, and 4 two-year study elfort appears reascnable before a
workable model can be expecied. When we are able to do this, the planners in the Pentagon_ particularly in
Deputy Chief of Staff/Personnel, will have a most powertul tool.

We could mention probably another hundred cxamples of what we have done fur the Ais Force
lately, long-range research, su~-ys, “"brush fire"” operations, etc., but } think that these examples give you
some idea of the type of work thet we are doing in our various divisions.

I cannot help but feel a grect pride for the accomplishments of the Personnel Research Laburatory
uver its many years of existence. The Laboratory is populated by a highly compstent staff of civilians and
military, professional and support personnel. There is an intense desire to undertake new and more complex
tasks, to develop new and more powerful tools, and to serve all communities of the world in new and more
exciting ways.
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COMPUTER TIME SHARING®

Bert . Creen, Jr, and L. Rowell Huesmann
Carnegie Institute of Technology

The computer wortd changes so rapidly that a generation lasts
for unly abhout five vears, Each generation has provided larger. more
powerful, and more versatile compaters. In each generation
computers have been used by more and morc people in an
ever-widening range of applications. Dramatic changes are also
oceurring in procedures for using computers. in the present
gencration, a provedure called time-sharing is revolutivnizing
computer usage.

Feople who have not suffered through the discouraging process
of using a digital computer may wonder what the excitement is all
about. A few vyears ago the senior author had an enlightening
conversation with the science editor of a national news magazine,
who was remarkably well informed about current developments in
artificial intelligence, computer simulation, and other novel uses of
computers, But toward the end of the largely “wild-blue y snder™ conversation, he came sharply back to
earth by saying, in effect, “One thing | don™t understand is how you fellows go sbout using 4 computer.
What do you do on a typical day? Do you sit at your desk and think, or do you write things on paper at
your desk, or do you punch cards, or do you wiie connections with a saldering iron?" Plainly, even astute
laymen know very little about huw one actually goes about using a computer,

The procedures that were described in response to the science editor's query are still used today at
most computing centers (1). Nevertheless, we shall call these procedures ““the old way" and shatl sketch
them briefly to provide a contrast with the new. The old way to use a computer is first to plan the program,
perhaps drawing 3 flow diagram if the program is very complicated. Then the prospective user writes his
program on special programming sheets, using the appropriate computer lunguage. These sheets are
transformed into punched cards either by the programmer himself or by a keypunch operator. The deck of
cards, after being checked for errors, is left at the computer center to be rup on 1'«¢ computer. Some time
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Tater « often thece or lour hours later - 1t will have been run and will have produced some sort of an output,
Typically the program will not have opersted correctly, and the output must be examined for clues to the
eriors in the program a process known as "“debugging.” Appropriste cards are changed in the program to
cortect the errors, and the deck is left at the center 1o be run again. This cycle repeats as often us necesaary

antd the program tinully works properly. Then the so-catled production run is made in which the program
does what it was intended to do initially.

Because of the piecerneal nature of this work, and the intervening pressures of other business, the
time between wriling the program and obtalning useful zesuits is often meaesed In weeka. If someone dous
it all, Trom start to finish, in two or three days, he i usually regarded as some sort of inteflectual freak. For
most morials, so much effort is required that computer programs are seldom written if they aré to be used
only once. The pain of getting 8 program to work, coupled with the general foeting that 2 program i worth
writing only if it will be used often, has kept some people from taking sdvantage of computers, Others of us
write the program anyway, because we think it's fun, We justify our behavior by offering to share our
program with others, but the offer is seldom accepled; using some: ¢ else's program turns out 1o be sbout
as time-consuming as building one's own, particularly if it has i zen .epared for use at a dificrent computer
cenier.

All this is changing. A few lucky places now have remotely sccessed, time-shared computing facilities
where many people can use the computer simultanecusly via teletype links, with nearly immediste
feedback of results. A pregram mav he written and debugged in one thort session, To use one of these new.
systems, the programmer begins, as he always did, by planning his program. Then he finds a convenient
station having a teletype or similar keyboard instrument, very likely located remotely from the computer
center. He calls the computer with a normal telephone dial on the console, thus connecting his keyboard
with the machine. When the connection has been made, the computer will cuuse the keyboard to type an
acknowledgment. The programmer gives his code number and/or a secret password which, if valid, is
followed by a computer request for further instructions. The programmer then (ypes his program directly
into the computer from the keyboard, bypassing the writing and subsequent card punching in the old
system. As he types, his program is automarically stored in the computer auxiliary storage - probably a disc
file. When he finishes typing his program, he may ask the computer to repeat it to him as a check, end then
to execute it immediately or to file jt away. If he asks for execution, he will get the resuits in 3 few
minutes. The ocutput produced by the computer will typically indicate that an error has been made, at
which point he can cortect his mistake, changing the copy of his program that is still stored in the
coriputer. He can then tell the computer to run his program again, and the cycle can continue until the
program runs correctly. The entire process may span only an hous,

The new procedure is economically feasible because the computer can service many users working at
the same time. Each user actually needs the computer only a short fraction of the time that he spends st
the keyboard. When he is typing the program or making a change in the program, the computer is needed
only to receive and store the input, and, at the end of each typed line, to do some simple syntactic checks,
consuming no more than & few milliseconds. Thus, many users can be typing programs at the same time
without producing any noticeable strain on the machine. Almost ali of the computing time remains
avaiiakle fur executing other programs. When several users request programs to be executed at the same
tink. they chare the available .on.uting tune. The computer parceis out its time in short periods called
quanta. Each program waiting to be executed gets a quantum of cotaputer time. Then its execution is
suspended and the computer turns to the next program, in a round-robin fashion. When a program is
completed, ur when it must pause to produce an output, it is rtemoved from the queue, and the results are
transmitted to the user. The time that a program must spend in the round-robin queue to get its needed
amount of conputing time depends mainly on the number of others in the queue, but not on the time
requircinents of the competing programs.
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Of coutse the old system also parcels out computer time to many users, but in 3 manner better suited
to the machine than to the user. The old procedure is called batch processing. When a program s subimitted
to be fun, it is first held until 2 batch of progroms is collected. Then the batch is made ready for input to
the computet. Some time later, the computer executes each program in turn, and recotds the results on s
tape. Still later, the tape is fed 1o 2 printer which prints the resuits of each program in the baich. With such
a scheme, the total time to process any given program can seldom be less than an hour. Usually it is two to
fout hours, during which time the programmer must twiddie his thumbs or otherwise busy himseif. in
timasharing, the computer works at the same time as the progranuner, transiating his program as he writes
it, and running it as 500n as it is completed. Because the computer is <o much faster than the input-output
devices or than the programmaer’s own thought provesses, it can service ¢ large number of people
“simultaneously,” giving each the illusion that the computer is his while he is connected to it.

Requirements of Time-Sharing

Time sharing procedures require three things: first, the hardware for handling communication with a
large number of remote stations; second, a large, readily accescihle auxiliary storage device: and thitd, a
sophisticated monitoring program that responds to signals from tne remote stations, keeps the round-tobin
compulation going, and produces outputs for the remote stations, always insuring that the several
concurrent programs do not get mixed up with each other. During the last decade all three of these
capabilities have undesgone rapid deveiopment.

Procedures for handling digital inputs from several uncorselated sources are at least as old as the
SAGE system. Procedures for transmitting digital information over telephone lines are even vlder; teletypes
have been using such a scheme for years. Deinands for virtually error-{ree performance, however, are new
and are now being met. It has become standard practice for computers at regional offices of large
companies to send data directly to the main computer at national headquarters. Aitlines reservation systems
use similar procedures. Devices have now been built consisting of a keyboard, encoder, and cradle for 4
telephone hand set so that an ordinary telephone can be turned into a teletype.

The second requirement, luige wounts of storage, is being nwt by disc files, Vory luigs disc files o
well as very large cote memories are now available, Still, storage is one of the severe problems in
time-sharing. All of the experimental time-sharing systems ran out of storage space very swiftly because the
designers forgot that programmers hate to throw away uld programs Befure time-sharing. programmers
cluttered their offices with card decks; now they clu . computer storage. In practice, of course, there is
continual pressure to purge useless programs; unused programs are relegated to a storage tape in the
“deep-freeze” that can be recovered only with manual intervention and considerable delay. Nevertheless,
the working file must be huge.

The third requirement, the complicated monitor that controls everything, is a natural outgrowth of
two lines of software development - programs for on-line reaktime control systems like SAGE and the
collections of utility programs, compilers, and monitors that have grown up in computer centers, In the last
decade, programming languages like FORTRAN, ALGOL, and JOVIAL have gained universal acceptance.
Motreover, techniques for producing compilers tor such languages are so well understood that new languages
with their compilers are continually being developed. With so many compilers on hand, it becomes a
tedious task to get the computer ready for each new program - a task of the sort computers do betier than
people, so supervisory programs called momtors were developed to run the programs automatically. 1t is
but a short step from such monitors and from real-time multiconsole control systems tu general purpose
time-sharing sysicin.
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b 0 Wl ol Weas dovelup ndiils were well dlung, the tme w aope Acvording o A L Sumuel (7Y
at sbout this fime Cheistopher Stiachey (1), Jobn McCarthy (43 1 C R Licklidet (2), F ). Corbato (6),
and 1. € Shaw (7) statted work in time-sharieg. The eatliest systeme 1 operation were the CTSS sydtewn at
the M.LT. Campuatation Center (81, the system on the PDP-1 computer at Bolt Beranek & Newman (9) and
the JOSS svstem at RAND (7), Shortly thereafies fuiiowed the two large-saale experiments, Project MAC m
MALT. (1) and the Q-2 time-sharing systems at the Sy siem Development Corporation (1) both sapported
hy the Advanced Research Projects Agency (ARPA) uf the United States Departirent of Defense, largely
through the efforts of 1. U R, Licklider. Other systems were put into vperadon at Dartmouth, Stanford,
and Camegie Institute of Technology, and the list i3 growing rapidly. Seseral comme:cially available
systems have been reported recently. 1BM offers a version of FORTRAN called QUIKTRAN. GF offen
BASIC and ALGOL: Adams and Associates. Boit Betunek & Newman, sad a variety of new companies are
offering swivices,

Technical Problens

Time-shating can be miplemented on any general purpose digita) computer. Special in-out equipment
is needed 1o manage the remote consoles, but nothing special is requited of the central processor. The
Psychology Department at Carnegie Tech has a conputer-based lahoratory built around a small (16K)
machine, a DDP-116 (12). Several independent experiments can be run at the seme time, or several subjects
can be run in one experiment. But we could do better, and the large ~ystems could tuo, with a machine
specifically designed for vime-sharing,

The main problem in implementing a time-sharing system is precisely how to share the time, At any
point in time there may be inputs o be processed, programs (o be executed, and outputs to be transmitted.
The inpuls and ovulputs are not time-consuming, but they are insistent. Some large systems now use 2
separate small computer for input and output processing s the main processor can spend all its time
executing programs, It scems ltkely that this will be the best solution.

There remains the problem of exccuting the programs waiting in the round-robin gueue, How tong
anould tise computation quanium i Shot quanta are needed 1o provide fast response to usets, but shont
quanta mean large amounts of “swap time," the time {t takes to switch from one propram to the next, On
present-day machines, the current program must be transferred to auxiliary storage, and the next program
in the queuc must then be transferred into the main memory before computation can resume. The next
generation of machines will have a main memory sufficiently large to hold several programs, Then programs
can te swapped at the same time that another program is being executed.

Anather difficulty with short quanta is that the monitor program itself must operate between quants
to keep its tables up to date. The time spent in this way is called overhead. Some installations plan tn
eliminate montor overhead by having a separate processor for the monitor. Thic is expensive but does
permit the prime processing unit to spend all of its time & executing programs in the queue,

The mast legitimate complaints come from users with long programs, especially productiun programs,
who were well served by batch processing. Short quanta reduce machine capacity, which seems always to be
in short supply. Nuoninteractive pregrams have no need of time-sharing, and their authors do not like 1 pay
the price uf reduced mmachine capacity in order to provide special services for others. Such cumplaints will
be jess valid when swap time and overhead are virtually chiminated, Another puossibility is 1o provide a
separate pro-essor for long production programs. Of course, no matter what is done, some programmers
will be dissatsficd, The same programmers who complained about four-hour delays in batch processing now
complain about four-minute delays in time-sharing,
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A different problem anses hecause wveral programs are in the sanre cothputer. Fach program nnst
somchow he prevented from acadentally, or dehitorately, intetfeung with the others. When several
programs are to be in pnmary memory at the samwe time. hardware devices cailed mamorv.protection
registers allow the monitor to serve ay referee, walmg off each program from the others and tiam the
monifer, Saltwate fotuses in thy mounior can deo puard gainst insdvertent acvess o umiane elwe's
records in auxiiary storage. Although todav's systenms can provide protection from accidents vnd honest
wstakes, they are probabiy no match for g clever spy. New developnients see needed to guarantee privacy
which is essential in sume applications.

Developinents in commumcation devices are alw needed. The keyboard is not thie best wady tor inen
and muchines to communicate, Graphic input and output ire needed. Current graphiv displays, in the form
of cathude-tay tube devices, and correspunding waphical input procedures are widehand devices that
cannot conveniemty be controlled at remote distances from the computer. Methods of landling such
equipment remolely will undoubtedly be develuped. Furthier in the future is the possibility of transmitting
computer programs by voice rather than keybuards, and even more timie will clapse before we are uble to
taix to the machines in natural language.

Curtently the language that must be used in mamcomputer conversations is fat from natural,
Time-shuring systems have not altesed computer languages much: they have merely added cditing features,
Considerable improvement can now be made by paying close attention to designing better languages,
Yntema (13) argues forcibly that the user must do twr much of the bookkeeping that could as cusily b left
to the cumputer. In doing matrix manipulations, for example, the user should need o repoet the
dimensions of 8 matrix only once and tien let the computer keep track, as JOVIAL does, but a&
FORTRAN and ALGOL do not, He further asgues that such languages must be interactive, The scientint
typically wants to try something, took at the results, consider his next move, and tey again. In fact,
time-sharing system:s have spawned scveral interactive languages oriented toward the problems in 2
particular discipline. The list includes compute-aided design (14:15), operations analysis (16). structurdl
engincering (17), algebraic computation and analysis (18), and mathematical amalyss (19:20), Far
persontiel rescarch, the most interesting and useful such language is TRACE (Tune-shured Routines fur
Analysis, Classification, and Evaluation) designed by Moure, Mecker, and Shure at System Development
Corpuration (21). Problems of data analysis in the social scionces can be expressed casily i the TRACE
lunguage, and many swientists who are unwilling to fcarn ALGOL or FORTRAN will now be able to use the
computer.

Advantages of Time-Sharing

Time-sharing systems are very popular, and programmers whu huve used them are ostre nely relu it
o go back tu the old method. Although the experimental systems were supplements to the computing
poveer at their locales, they quickly became overduaded. Sk 7 wrone 2 this s just an imstange of
Paut ison's Law: Work expands to 17 the tinwe availuble for its completion. A more likely culprit is the first
taw of the instrument: Give a boy 3 hanuner and he will soun find that every thing needs pounding.
Time-sharing has ghaen o computer, in & sense, to many people who would nat trouble ta learn computing
the old way.

But ther. are more cogent reasons for the populanty and very faver ble aceeptunce ol the
time-sharing systems. First, the time-shaning systents dre especially well suited 10 oneshot progranis
which the concept of a production run i not applicable. The production program s expested 1o be 1un
over and over again with different sets of inpues, whereas the wie-shot program will be run only onge with
one set of data, and that will e that, A great many caleulstions in rewarch projects at acadeimic s titunans
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and at reseatck aberatonet tuk oul o he of the onoahst varels, Many sueh poogiams wie only 3 frw
wornds 7 alvalation, hut every new program, no matter how shorl, tequates 2 cerlain amount of
debugung. Under the obd yystzin, of a job vould be done by hand it a few days by using s desk calculatot or
s equisalent, then it might as well be done that way because the computer [s nut hikely to beat that nume,
Under the pes system the bieak-even time 13 a few houss rather than s few days. In fact, in many cases it
would pay att coneering studer 3 do hiy homewark on 2 computer, if e were alluwed access ot

The conversational mode of (ime-sharing not only shutlena the ovesall process, but it actusily caves
computei time. A majur source of programming errors is debugging itself. Correcting one etror often resulbts
In & sweond error becavse the programmet has forgotien the detalls of his owa program. When the writing
and debuggtng can &l be dune st one sitting, the progisimimer can “'stay in context™ throughout the process,
he will make fower errors, and fess computer time will be used in debugging. Also, the programmer can stop
the exccution of his program if il starls producing obviously ¢rroneous results, thui iaving computer time
that would hawe heen wasted tr 3 batch-proveising mode,

An important by-product of the conversationsl mode is that the computer can be used as a teaching
machine for beginning progtammets. Trial and error, followed by immedinte feedbuack, results in swifl
learning, again promaoting the use of the computer by persons who have one-shot problems. Furthes, the
ability to cortect errors immedistely reduces the onus of error. Computer languages require such precision
in stating problemny that humans inevitably etr, When each error, however trivial, conts hours of lost time,
new programmers ¢mdily become discouraged; even experienced programmers have difficulty coming to
termr with their own fallibility. The conversational mode drastically reduces the cost of errors,
programming becomes less painful, and more scientists are willing to invest the time to learn the art of using
computers, It is not frivolaus to conclude that the productivity of the sclentific community has thereby
been incredsed.

A third advantage is the considerable convenlence of having programs stored within the machine, at
the fingertips but not cluttering the office. Programs for standard analyses can be st up to be used us
necded on new sels of dats. Or these programs can be reassembled into new ones for special juus. The
storage featura is also useful when several programmers are coopérating on aspects of a large system; each
can have immediate access to the other's products.

Remote access has some sdditional sdvantages, Anyone having sccess to a teletype with the inverted
computercoding feature may, i permitted, s any computer system with a remote facllity, A scientist
whu needs {0 use a progrem written by & colleague st a different computation center no longer has to
endure the headaches of moving the program to his own computer, With remote access he can use the
program on the machine for which it was written, with a distinct saving of time and effort, Also, a scientist
may use his own programs on his home computer when he is swsy from home-¢.g., at the Center for
Advaniced Study in the Behavieral Sciences—rather than transplanting his programs to a new computer.
Finally, it is reasonable for ssaall colleges and universities to consider pooling their resources to establish »
contral computing center that can serve the needs of all of the participating universities by means of remote
time-sharing luc Llities,

Conts
The extent to which the advantages of time-sharing are worth their cost cannut be determined yet.
Time-shiaring systems are in their infancy and any comparative evaluation at present would very likely favor

the more welkestahlished procedures. Certainly there are some serious questions about the economk
feasibility of such procedures, but it is too sbon (o say snything very definitely.
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At present, the costy of the time-sharing ssstermns ate considerable In additnn 1o the wost, of
necessary hardware and software, there are a number of losses in etficiency 0 compatisen with the oid
procedute. First, the machine 13 now handling the remote inputs and outputs, heing 4 sort of file clerk for
the programmer, which {s 2 new service not provided in the old wtem, Seeand. there are slightly longer
service tines because the monitor v much nmore complicated than in the old ., stem, But the Largest eoaty
are the swap time and monitor over'.cad time spent as the computer switches from oune program to the pexd
in the execution queue, New equiy nent is being designed to eliminate or drastically reduce these times, but
additional equipment usually means added expense.

Although the costs mre aubstantial, the debate 15 remuniscent of carlier 1ssues 0 computing that have
all been decided in favor of convenience and power rather than speed, machine efficiency, and expenwe, The
use of flosiing-point rather then fixed-point atithmetic was such an issue i the carly daye. bixed-peint
calculatrons were fastet tor the machine but more difticult for the progeammes. Programming courses used
to include discussions of “scaling the problem,” refetring to wave of keeping trach, of the devimal puint in
fixed-polnt caleulations, Touday floating point is used almost exclusively. A similar arguinent arose when
FORTRAN was inttoduced. FORTRAN greatly sunplified the task of programming, at the ¢ost ol buth
compiling time and a little bit of running time, since compiled programs were slightly longer thar an
uptimum n achine language program, Today compiless like FORTRAN are used universally.

There is even a question whether the time.sharing system should strive to reduce vperating time as
much as possible, Today there is a tendency to criticize FORTRAN for spending too much ume trying (o
wrile optimum programs, Tuday's compilers, like MAD and ALGOL. tend to wotk mucl faster than
FORTRAN and to produce less elegant programs just because, in one-hut programis, the compiling ume s
much more important than running time. Perhaps in tme-sharing it will turn out that the main problem is
to reduce total time at statjon, so that most effort should be spent in improving debugging and editing
facilitisy rather than in improving the efficiency of the monitor,

Bu: .he final worth of time-sharing will be in the new users it hrings to the computer, the additional
research it inapires, With the development of special interaction languages suited to the problerus of specific
disciplines, scientists in all fields will literally have computers at their fingertips. New things are sure 10
follow, In personnel research, as | have recounted elsewhere {22), new methodolugies are already appearing,
such us Shepard's nommetric methods (23), and new solutions are appearing for ld problems, such us
Eber's maxplane algurithm for factor rotation (24). With a computer, iterative solutinns are feasible, as are
solutions that depend un hillxtimbing scarch methods to find best fitting parameters. Special programming
languages like TRACE will facilitate data analysis. Even methodologists will be helped in their everyday
work, How often hive you gotten hung up on some algebrale expression that Keeps getting longer and
longer. Programs like FORMAC (25) and Formulu ALGOL (26) are now available to do the manipulations
and simplifications for you,

Conclusion

Much remains to be learned at o time-sharing systems, and ntany changes and unprovements will
certainly be mad. ‘. the next few years. Howewver, it is already safe to say that timeshanng will become the
standzrd way of using computers in the {uture. Large fracins of recent computer conventians hase been
devoted (o time-sharing. In the fascinsting fast-paced world of computers time-sharing i definitely m
Mechaniuns are already being discussed (27) 1o provide flexible capacity at a computing cener to take care
of peak loads, Lventually, as McCarthy envisaged (4), we are hikely to see g computational utihty akin 1o
electric power or the telephone system, with flexible capaeny and with remote gecess by thousands of
users. Long before that happens-indeed within the next tive years—research serentists will he as dependent
on their teletype link to the computer as they are now on their dide rule, desk caleulator, und telephone.
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PROBLEMS IN PERSONNEL RESEARCH

Lioyd G. Humphreys
The University of iHiinois

K is not very remarkable o conclude that the principal
problem in selection research is that we do not predict very well, It
is a modest, useful level, but a - - way from our ceiling. Perhaps
tome of the ramifications of this conclusion will be more interesting,
Additional aspects of our difficulties in prediction are that we have
not been showing much improvement in accuracy, that accuracy
diminishes markedly as the time interval between predictor and
criterion infornation increases, and that further decreases in
accuracy seem to occur as the subject whose behavior we are trying
to predict moves from training to the job.

It is somewhat more remarkable to conclude that trait theory,
and in particular that part of trait theory stemming from factor
analysis and homogeneity analysis, lias become and may always have
been a dead end. Until better psychological theories are developed it
will be more useful 10 concentrate on becoming better test theorists and prediction theorists than to
continue the search for pure trait measures, | hold also that there is no great difference between test theory
and test technology. | recommend, in other words, that we approach the prediction task in an engincering
fashion. We should try out the theories that arise from basic psychological research, but we should not hang
on to theories that have been tried and found wanting. Many psychologists apparently feel that to work
without a basic theoretical orientation is not scientifically respectable even though the theory is useless or
even misleading. - S . ; . : -

Documentation and logical suppurt for the above gencralizations are obviously needed. A number of
years ago Robert Travers (1) in the Air Force Personnel Laboratory reviewed the trend of predictive
validities over a number of years for common criteria. The conclusion was inescapable that little progress
had been made in the prediction of these criteria and that the level was only moderate, Dr. Edgerton also
reached this conclusion as we heard yesterday.

New criteria may present apparent exceptions. During World War 11, in the Army Air Forces we made
remarkable progress in the space of a few short months in the prediction of success in primary pilot training
(2), but we reached a ceiling rather quickly. As soon as we found out we were not in the acadenic ball
park, which is where we started in the spring of 1942, we were able to move by the follow'ng winter to the
mechanical, spatial, practical ball park and to values of validity coefficients very close tu inal values. Rapid
information feedback and good test technology were the primary bases for this achievement, not basic
psychalogical theory.

it is also somewhat deflating to psychological theory to review the history of some of the most valid
tests for pilots, The Complex Coordinator had some slight connection with un early psychologist, O'Rourke
of the Civil Service Commission, but the main developmental work was done by flight surgeons (3). The
Rudder Control test (3) was built originally by a pilot interested in training and was being used as a training
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device at u primacy school when Neil Warren and 1 saw it on an eatly field trip. Fowas converted into a test
by psschologists because it looked promising empirically, which is another way ol saying (hat we had a
hunch it would work, Instrsment Comprehenision (4) grew ovut of Wilbur Gregory™s interviews wilh
“washed owt” pilot tramees, but true (o his avademic traiung Gregony s version was o highly verbal affai
that Tor a short while seemed to reguire a negative weight in the clussification battery. The much mare valid
photographic version was the idea of a bright enlisted mun, Milton Buidinan, who had had oaly a
smattenng of psychology i his undergraduate work. The General Information test und its predecessors (4}
can be attributed primanily | believe, 1o John Flanagan, but it 1s hard to imagine anything that depanis
wwore widely from the notions of ail-factos-homogencity theutists,

A well known review of on-thejob validities has been done by Brown and Ghiselli (5). They ate low,
Thorndike and Hagen (6) had generally negauive resuiis in predicting present proficiency criteria in their
followup study of World War I Aviation Cadet examinees, A fong histary of military personnel wesearch
shows that tests do not predict on=the-job success as an officer very much better than a set of random
numbers would, If you <cnd a group of officers buck to schoo', however, their academic success can be
predisted moderately well, Ofticer effectiveness on the job can also be predicted noderately well by peer
tatings obtained during training. Unreliability of criterion information and restriction of range of talent are
ind~2d 2ttenuating factors, but these factors do not explain the very low test validities abtained for
on-the-job criteria.

The stability of performance measures over time is another critical issue. John Anderson (7)
summarized such data for infelligence test results a number of years ago, but little attention was paid to
¢ither his findings or his conclusion. He stated that the stability data were consistent with increments in test
scores for a given period of time, being uncorrelated with the base at the beginning of the period. What is
this base? It is the response repertoire of the subject which has been learned, but it is not limited to
specifically acquired skills and knowiedge since stimulus generalization and transter are also principles of
learning. This should have severely shaken trait theorists. More recently Juola (8) has published stability
data for grades in college of several semesters and the trends of predictive validities for the independent
semester grade averages. His data are cotoistent with Anderson's interpretation. | have tried to relate these
and other phenumena to Guttman's simplex and huave p lished additional data (9). Today, ' would ike to
review a few sets of published datu and Lo present some . rsently unpublished data of the same sort,

- Table | presentr tost-retest data tor buys over a period of several- years. The-basic data were from the

Harvard Growth Study (10}, though 1 um responsible for computing the correlations. It should also be
noted that the N varies from one cell entry to another. | shall attempt no detailed analysis of this or any
other table, The form of the matrix is the important thing to observe; 1t is apparent that the high values of
the correlations are adjacent to the principal diagonal and the lowest values in the table are turthest
removed from the diagonal,

Table 2 shows that a similar pattern is obtained over a much shorter time interval in the leasning of a
motor skill and for a constant N (11). Intercorrelations of a physical growth measuse appear in Table 3,
again for boys and again for a changing N. Tables 4 and § contain intercorrelations for height and weight
for a constant N for gitls. There is no sex difference in this pattern. There is also no ditference arising from
the type of variable.

‘We now tum to the public school and some commonly used intellectual measures, Tables 6 through
10 present intercortelations based on a constant N tor varivus time spati for children in the Champaign
schools. A similar pattern appears within the time limits of a single semester, this time high school
mathematics. The data arc in Table |} and again the N is constant.
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Table 12 contains the antercorrelations of yrades in successive semiesters of foreign Linguage
Instruction at the college level. Table 13 has semester grade-point averages of engineers, with cach semester
average being computed independently of the test. Would an onethe-job proficiency masure simply follow
the trend vt would there be a basic discontinuity” 1 do not know the answer, but it 1s pussitle that low
on-thesjob validsties demonstrate, at times, nothing mure than performance instability over time, Table 14
has similar data for students in a liberal arts college. In all ot these tables, the N is again constant.

it is vbvious that unreliability does net produce the lower correlations observed almuost uniformly in
the upper right or lower left cornets of the tables. Neither is restriction of range uf talent mvolved. People
are changing. It is also weilnigh certain on the basis of logie slune that predictive validities of tests given al
the beginning of the period will decrease in a similar fashion. Juola’s data, previvusly mentioned. confirm
this.
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fnstabidity v perfonnance duvs ol ule out the use of the tran coneept. bt it does complicate the
thawy, These are orirer data i the perwmatity domatn that complicate tail theory much more wierely,
These ate the datd that demanstrate stuational speotiony . For example, 1t s possible to obtam rehable
ratings of persopality tralts in the bume and i the school. Independent ratings made in cach situation are
pusitively and substantualiy corrclated. but correlations betweet ratings ol belavit at hote and al «how)
are much Tower (120 1 has als been shown that childien havimg ¢ertan b osground charactensiws m
cminon will behave one way wath the mother, anuther seennnghy opposed war with the teacher (13,
Peterson § 14} has summatized theer gnd ather comseiging Hsies of evidence and has reached tie concloson
that situation is a much more potent conributod to variance than s trait.

The chnciing argument concerning the untenababity of the trait concept iy primerily bogreal, ot
empirical. 1t 15 applicable i rodo to porwonahity and sbitlity tests nartowly defined and. i taege part, to ail
psyechological medsutements,

1 have pointed out elsewhere £15) the probteration ot tactors trom Spearmun to Guiltord and have
terpreted this lrend m tenns of test censtiuction practices, the multiplication ot numbes of tests, the
disregard for corpelated Factors, otc., rather than i ierms of 3 closer and cluser approximation lo the nature
of reality. 1 lave also supported s g comenient deseriptive device The use of 2 lnerarchical madel of factors
of humen ability 1o encompass the varying degrees of generality of tactins from Spearman, through
Thurstone, to Guilford, though admitting thut the hicrarchical model doces not well describe the compleairy
ol psychologival tests sozgasted by Factor analysis. Fusther analysis alony these bnes has confimed me m
the conviction that factor analysis of most pey chologeal data can be only desenptice and that we st be
very catitious about placing unitary traits within the organism,

I starr with the nature of the psychological test. Al testumeasute pertonmance. Practically .l heman
performances require @ learming base. Practically af! human perfomiances slso requare an meentive. While
the latter is frequently bothessome i the test situation. the fonmet is dlway s with us. e the nature of the
organistm and ity experiential bistory are nestocably bound together. There e ne cultunes fos
psy chological tests,

Secondly. psychological tests are typically composed of multiple iteme . The test constructor detines
the total wore on the test by decidimg which items 1o scoie and which weights toasagn ts seurable tems.
These criteria are vssentially arbitrary and subjective although there sre obtective statistieal wids (e.g. e
analysish fur the decisions. To reguire eaeh text (o seale iy the Guitman sense {16) 18 not g viable soluhion

sineepsychofogicil data scale only when g given dom i repeated wath minute vanations thioughout o

purticular test,

Factor analysis is also a haghly subjective procedure, The number of tacton o retan and the sovation
of tactors have subjective elements that mateh the subjectivity m Gactor mterpretation (173 True, Factor
analytic procedures can revead Tundamental physical dimensions From the aercorselations ot hog
wieasurements (18) or from the intercorrelations of the behavior of batls (19), but paychological data are
ot physical daty, Since we measure perfomuine which s typivally assessed by o number of atems
arbitrartly grouped together, we coudd nol e our factors 1o traits even waith g completely objecise
lactoring technique, Our tests sample behavion, hot we have no detinttion of the populanon or of tie
sampling method used, The varying degrees of sem intercortelatioms and ot the varyimg degrees of test
wtervorrelations allow facton to be estracted m an almost insitless number of veders, The ol posable
status of Tactors under these circumstances is o desCripuve, sUANZing conce i,

1 can only dimly. and biietly, speculate ozoan alternsnve to st theory. 1wl prohgbly be an SR
theory with mobar defimitions ot § and R, For prediction purposes, we shall hase 1o mtroduce messtisement
of situations, ay well as response measures (tesis), o our equations, Predictions will be contingent ones,
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relative tu the assesunent of previois situations cad of probable intervening situations, as well as to the
wasesatient of the criterion situation,

{n the meattime we can ake wune progrew, ac pentioned eatlier, by forgetimg traits and
facturpure nieasures An attempt so mateh the behavior sampled by predictor tests with the hohavior we
with te prodict s 3 sumple bui good starting puint, Just remembeting that buth prediclors and criteris
sample behavior s an important siep forward from the beliel of hope that we ure really measuting
underly ing tails, We should alvo start with a test theory that recognizes that teats are composed of items
s, i you prefer, *Uatl st paychuiogical measures are tects composed of multiple tems. Classical
measureniel theary is not helpful in this respect at best and for the unsophisticated can dctually he
musleading. Intetnal consistency item analysa must be swd with great cauting aliv. We co- white better
ttems, wo i pachage ilems in more efficient form for prediction purpuses, and we van combine test
mformation in better ways. § have not the slightest doubt, for example, that 3 test designed in sccordance
with sumcthing like a factor-type analysis will bz mure valid for prediclion purposes than one designed in
accordaice with homogeneity theory, 1 am also contident that selection for retention is more tewarding
than selection for shogt-range petforming in training. Il we find, as we might, low or even small negative
cotrelations between retention predictions and training ptedictions, 1 would nut feel alarmed. We should
instead takv & hard luok at training content and methodology.

Let us not reify test stores and make predictions by speculation. Let us not ry 10 sweep our
inadeguacies in tung-range prediction and on-the-jub prediction under the rug. Instead, let us stick close
our data and obtain more and better daty, An -mpirical point of view, a good technology, an adequate
numbet of examinees fur tryout purposes, and 3 goud record system 10 pravide for followup will carry us &

long way. The prospect is not exciting, but this is where [ place my bels. In summary, let us be good
enginects.
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PERSONNEL RESEARCH FOR THE GREAT SOCIETY

John T. Daitey
The George Washington University

At the first mecting of the President's Committee on Mental
Retardation in July 1966, its chairman, John Gardner, Secretary of
the Department of Health, Education, and Welfare, told the
Committee that its primary function should be *“to find ways to
enable a person to be whatever he is capable of being - to provide
him the opportunities to reach his potential.” The Committee’s
concern s not just with the mental retardates in the lower 3 per
cent; rather, it is supposed to be concerned with the whole spectrum
of abilities from the point of view of enabling everyone to reach his
full potential.

From the point of view of personnel psychology, this is
probably an ideal definition of the Great Society and what it is all
about. The Great Society will be that society where every individual
has the opportunity to reach his potential, whatever that might be.
One of the primary conceras of the personne! psychologists in the fur-  <hould be devising new and better
ways of assessing the potentials of individuals from minority or disad* ..  d groups.

One of the greatest problems in counseling and educaling the disadvantaged is that existing talent
tests do not identify latent talent that a student’s environment has not permitted to develop. They measure

- the skills that he has developed but-not the skills he might have developed in-a-more favorable environment, -

New approaches are needed to the prot'em of identification and development of the talents of the
disadvamtaged, and such approaches are now under way at The “seorge Washingion University.

Teaching Basic Vocational Talents

If our low-income youth are to have a full chance to emerge from poverty, the quality of theis
education must be massively upgraded. This meuans more than just keeping the students in school another
year or two, It means having them learn more and develop their basic educational and commnnication skils
to a higher level. 1t was found in the Project Talent study (1) that many of the youth from deprived
backgrounds lack the basic skills and aptitudes necessary for many of our more highly skilled johs which are
most in demand due to the increasing pace of automation.

The George Washington University has developed a new curriculum and materials for raising the
vocational talents of youth from deprived backgrounds. This work was carried out under a contract with
the U, 8. Office of Education, ¢ntitled “Development of a Curriculum and Materials fur Teaching Basic
Vocational Talents.” The materials developed were tried out and evaluated in a representative sample of the
nation's schools in eight school systems (San Antonio, Texas: Atlanta, Georgia. Wise County, Virginia:
Washington, D.C.: New York City; Bayonne, New Jessey; Erie, Pennsylvania: and Detroit, Michigan).




The fundamental new approach on which this project was based is actually to train students in the
skills of nonverbal abstract reasoning, mechanical reasoning, and spatial visualization. These types of skills
have bheen found to he fundamental to the understanding of the technical training required to meet the
demands of industry and military services for technically trained personnel. By direct training on material
similar to that used in standardized tests of abstract reasoning, mechanical reasoning, mechanical and
clectrical information, and spatial visualization, the basic understanding: and skills of the students in these
areas cun be increused.

In addition to the basic aptitude practice exercises, two other muaterials were used in this special
curricutum. One is a series of basic remedial-type readers which have been developed. The readers were
designed for mature eighth graders who read at the sixth-grade level or below. They are profusely illustrated
and designed to fit in with the backgrounds of disadvantaged students. They provide reading maierial at a
tow-difficulty and high-maturity level, with content that is directly related to occupations and sdult living.
The titles of the rcaders are:

Transportation L.ong Ago
Transportation Today and Tomorrow
The Automobile

Occupations for You

Tools and Basic Machines

The other part of the curriculum consists of a laboratory course with equipment and simiple
demanstratior. duvices for teaching students those aspects of mechanical ability and basic mechanical and
technical comprehension that are not suitable for teaching by readers, paper and pencil, or fi.ned exercises.

On the posttesting at the end of the schooi year, substantial increases in these scores were found for
the talent areas where instruction was given, but only normal growth or less was found for the areas not
taught. Abstract Reasoning, Two-Dimensional Spatial Reasoning, and Three-Dimensional Spatial Reasoning
were found to be especially trainable. The data confirm that important changes in vocational talent test
performance can be sffected by the curriculum materials that were developed. It is planned to follow the
students into vocational training to determine how the increased level of skill on the tests is reflected in
greater trainability.

As the development of the new curriculum and materials for teaching basic vocational talents in the
eighth and ninth grades progresced, a number of additional ways of using the materials have been indicated.
Among these are the following areas:

1. Use in adult basic education or literacy training.

2. Use by the Armed Forces.

3. Use in short concentrated courses to assess how well students learn various tecaaological skills and
concepts and how well they like learning thera. On the basis of this, they can be guided into appropriate

long-range training courses,

4. Uss in special summer programs, for which such concentrated programs are appropriate. These
would assess students, sharpen their talents, and guide them into vocaticnal training programs.

The primary purpose would be to give students a chance to learn the basic talents underlying success
in training for technological careers. On the basis of how well they learn the various basic technological
skills and concepts and how well they enjoy learning them, they could be guided into existing high school,
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junior college, or other post-high-school programs for technological careers. This represents a new approach
to thc problem of {dentifying and developing the latent talents of students from a wide variety of
backgrounds, who may not have had an adequate chance to learn the skills and concepts sampled by
existing occupational aptitude tests. In effect, such a program could serve as an aptitude test and also an
interest test,

1t is hoped that the new curriculum and materials will enable schools to strengthen the basic
vocational talents of their students so that more of them can develop the basic skills essential for emergence
from poverty.

Influence of Training on the Factorial Structure of Talent Tests

Mechanical talent or aptitude appears 10 be a skill largely learned indirectly through a variety of
out-of=school experiences. A rural or small-town environment is particularly rich in such experiences;
mechanical comprehension may have been well named “Barnyard Physics.” One objective of the project is
to determine how young people scquire their mechanical comprehension and to develop and evaluate
materials to substitute for the lack of environmental stimulation in mechanics and technology that
handicaps nost of our young people today.

In order to study the relationship between skill levels in abstract reasoning versus mechanical
reasoning, the test scores for these two variables for each school were plotted for eighth- and ninth-grade
boys and girls in the eight school systems studied. It was found that all of the groups showed
under-performance in mechanical reasoning as compared with ahstract reasoning, except for Wise County (a
rural area). The other schools were all serving low-income areas in large cities.

One approach to this was a series of factor analyses designed to shed light on how environmental
influences and other formal training affect the factor content of the tests. The first of these studies has
shown large differences in the factor patterns of the fourteen pretest subscores for the eighth-grade boys in
rural and urban schools. The same forces that cause over- and under-achievement on mechanical tests aiso
seem to operate to change the factor content of tests,

Table I shows correlations between the tests and reading comprehension for each of five school
syatems, for all Project Talent fifteenyear-old boys, and for Project Talent fifteen-year-old boys not in high
school. As can be seen, the patterns of correlations vary markedly for the various groups. The means,

——— - —standard deviations, and rotated (varimax) factor loadings for the five school systems are shown in Tables 2,7~

3, 4, 5, and 6. It can be seen from these tables that the five groups vary enonmously in mean scores on some
of the tests, A clearly defined verbal factor appeared in four of the five schools, but no other factor
appeared in more than two groups. The factors that appeared were, for the most part, the ones to be
expected from previous experience to be found in a matrix of such well-known types of tests.

Each of the: five groups of schools had a factor pattern that was different from the results of a similar
factor analysis of the correlations of the same tesis based on the Project Talent sample (2) of 3,656
fifteen-year-old boys (in and out of school). In this analysis four unrotated factors accounted for 76 per
cent of the variance. When rotated (varimax), these factors appeared to be Technical Information,
Three-Dimensional Spatial Reasoning, Verbal Reasoning, and Two-Dimensicnal Spatial Reasoning.

It would appear that correlation patterns based on a nationally representative sample may not be at
all representative of the students in many of the individual schools involved. Further research is needed 1o
determine to what extent the interpretation of test intenelationships should be based on data for
homogeneous categories of schools rather than all schools combined. These findings are consistent with the
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hypothesis that the factor loadings of tests are highly affected by the specific experience patterns of the
students who are tested. Current studies are comparing the factor structure of pretest and postiest batteries
after exposure to the new curriculun. These studies should yield significant new insights into the
development of vocational talents and should be a valuable source of leads in improving the materialy that

have been developed,

Tuble I. Comelutionn between the Yocational Tutent Tent Scoren
and Rending Comprehension Scores for Five School Systema {1965}

and Sefected Project Talemt Samples (1960)

Prj, A $on Wige 15.ywaroid Mates

Talent lenta,  Ant, Wash Co. Ere, At Net in

ldent, Ne.  Oe. Tex. 0.C VYo Pe High Schos!?
Abstract Reasoning R-290 .08 .16 12 16 38 .38 40
Mechanical Reasoning R-270 .03 .15 33 39 46 57 47
Arithmetic Reasoning R-311 21 07 d4 0 34 .48 66 .40
Vis. in 2 Dimensions R-281 38 0% .30 19 29 39 .28
Vis. in 3 Dimensions R-282 20 .06 A2 14 a7 48 .40
Vocabulary Info. R-102 46 .38 .39 54 .70 77 .61
Math Info. R-106 36 .08 .25 .34 .52 .67 .32
Physical Sci. Info. R-107 62 21 .40 .27 .65 66 .49
Biological Sci. Info, R-108 16 .25 343 63 .63 .47
Aero. & Space Info. R-110 .32 16 A6 4 62 .60 .40
Elec. & Elec, Info. R-111 37 15 09 13 49 .54 .44
Mechanics Info. R-112 .33 .28 25 .34 47 .56 .49

' From Table V-2¢, pages 90-93, Project Taleat Monograph: Studies of a Complete Age Group - Age I5.

2 From Table V-2b, pages 86-89, lbid

Table 2. Factor Aualysis of Vocalional Talent Pretests for

School System A, Atlanta, Georgia

(N8O e —
Factors
1 2 3 4 H 4 4 1} ] $D

Abstract Reasoning .04 04 04 -00 .9 .02 -04 .00 378 222
Mechanical Reasoning 07 02 97 00 .0y 11 -02 -04 493 236
Arithmetic Reasoning 26 .50 21 54 -.19 A7 <26 08 247 1.84
Vis. in 2 Dimensions .87 .19 13 .02 .02 .00 .02 .06 06.68 4,93
Vis. in 3 Dimensions 31 83 -00 .13 .01 .06 .21 .03 .07 207
Reading Comprehension 61 .04 -11 18 .12 .46 22 .23 9.23  4.24
Vocabulary Info. 24 -14  -.12 .61 .30 .42 15 .06 4.02 2.66
Math Info. A7 .15 03 -.18 .10 77 -.08 .27 292 1.89
Physical Sei. Info. .30 -3 .06 44 .09 .60 A7 14 2,58 L74
Biological Sc¢i. Info. - 10 22 -.00 .82 .03 01 .10 19 1.8%  1.44
Aerc. & Space Info. Al <12 <04 Al .04 .13 90 14 167 1.20
Elec. & Elec. Info. .03 -04 -.08 .20 .01 .22 18 .80 238 1.45
Mechanics Info. ~15 25 A2 .31 .01 .78 Jd3 0 -.00 308 1.84
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Table 3. Factor Analysis of Vocutional Talent Pretests for

School System B, San Antonic, Texen
N - 13

Factorts

Y 2 3 4 s . 7

] M 5b
Abstract Reasoning g7 2 82 06 .03 .00 .07 -B7 588 261
Mechanical Reasoning 09 .73 .11 07 a8 .08 .11 .26 6.33 2,74
Arithmetic Reasoning .01 00 92 04 -05 .06 -07 .01 338 1L74
Vis. in 2 Dimeasions <00 -3 8% 93 00 02 Wt 00 790 490
Vis. in 3 Dimensions .02 .83 .08 .13 .13 06 .06 .03 611 263
Reading Comprehension 78 01 24 00 -00 12 .23 .08 14.24 483
Vocabulaty Info. b6 .00 - 10 02 12 .22 19 .29 548 2,49
Math Info. .08 .00 06 .02 -02 .9 .07 402 416 176
Phy sical Sci. Info. .53 .10 .32 44 .02 .24 .06 .22 485 218
Biological Sci. Info. .54 43 .27 .03 20 .12 -06 .00 315 1.65
Aero. & Space Info 03 -18 16 A2 .62 07 50 27 270 L.45
Elec, & Elec, Info. .16 A2 RY 03 -9 .01 -07 03 365 187
Mechanics Info. 29 .17 .08 02 -01 08 B4 10 5.47 20}
Table 4. Factor Analysis of Vocatlonal Talent Pretests for
School System C, Washington, N.C.
(N = 159
Factors
I B TR T S S R R L
Abstract Reasoning Jd0 61 -10 .15 18 .19 -5 -0% 574 2,59
Mechanical Reasoning 206 17 14 14 -19 .05 -B4 .10 5.9 286
Arithmetic Reasoning ,07  -.00 -.01 A2 08 97 -06 04 333 101
Vis, in 2 Dimensions .01 .14 .08 90 .00 12 .09 .04 8.13 582
Vis. in 3 Dimensions -0 .85 .0! 23 22 .07 -0 04 S.51 263
Reading Comprehension 54 16 -06 .46 .08 -03 .49 .12 1434 6.28
Vocabulary Info. 66 12 01 20 -02 .08 .12 .$1  5.84 2.89
Math Info. 27 12 06 .02 -9 .04 -12 -03 4.01 203
Physical Sci. Info. 72 .04 10 06 -3 04 15 17 444 2,40
Biological Sci. Info. 83 -04 .23 .00 -07 07 .08 .00 345 201
Aero. & Space Info. .33 .13 .82 .00 -05 .01 .02 .01 237 L.58
Elec. & Elec. Info, .00 .13 86 .08 -0%5 .02 -05 .23 422 297
Mechanics Info. 20 w12 260 .07 .M 02 -1 .88 S.44 242
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Table 5. Factor Analysis of Yocational Talent Pretesis for
School System D, Wise Cosnty. Virgiain

N =112)
Foctars
1 | 3 ] s ) 7 L ] L) L
Abstrace Reasoning - 14 8P 0% .21 0 03 11 -20 678 2.64
Mechanical Reasoning 43 2 M 22 300 32 .03 25 877 LM
Arithmetic Reasoning 09 10 92 03 19 05 02 .12 527 1.94
Vis. in 2 Dimeasions L2 4 0% .02 06 96 09 .02 9.88 506
Vis. in 3 Dimensions 22 .79 .03 .08 05 .15 .16 .00 6.28 .68
Reading Comprehension 07 06 19 .19 .86 .10 .18 .09 18.65 6.92
Yocabulary Info. 25 13 31 .06 48 00 59 06 8.49 13,02
Math Info. 08 .09 03 -9 19 00 .12 09 592 225
Physical Sci. Info. 30,19 .24 .37 .16 06 65 .14 7,30 2,78
Biological Sci. Info. A1 A0 =20 01 .28 15 .78 .22 520 2.18
Aero, & Space Info, 21 20 17 - 14 1) 03 24 .86 360 1.81
Elec. & Elec. Infn. 81 8 11 .05 .04 19 11 .24 562 248
Mechanics Info. 73 .02 06 26 .23 .04 .36 01 924 315
Table 6. Factor Aaalysis of Vocutional Taleat Pretests for
School System E, Erie, Peansylvania
(N = 169)
Factors o
I s & 7 & W 30D

Abstrace Reasoning A7 17 .08 .91 Jd00 1) 12 .04 B.08 264
Mechanical Reasoning 27 .20 15 -.38 16 21 66 .25 9.14 380
Arichmetic Reasoning 21 06 95 -08 .02 -10 .09 .08 5.02 2.4l
Vis, in 2 Dimensions 4 98 .08 .17 14 08 .1 .08 11,97 527
Vis. in 3 Dimensions 22 14 05 12 94 .06 08 .13 7,08 267
Reading Comprehension 7 Jda L34 223 14 24 <060 13 18,26 8.%9
Vocabulary Info. .80 00 .10 .16 06 .11 A2 29 9.82  3.84
Math Infa. g0 06 13 s 060 .90 10 .12 4,39 2.49
Physical Sci. Info. .80 .06 09 .16 .13 -0 .1 24 7.01 3,53
Biological Sci. Info. .61 .0l Jdo .28 Jd4 0 .24 .38 40 5.00 2.28
Aero. & Space Info. 40 .12 100 100 8 .28 260 200 369 215
Elec . & Elec. Info. .50 .14 09 01 12 .02 .32 .07 0,57 168
Mechanics Info, 33 .05 03 .06 08 13 .02 .7 &84 302
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Measurement of Language Facllity

A scond major new approsch to msseming the potentials of individuals from minority or
dissdvantaged groups has been the Dalley Language Facility Test.

Much recent research has indicated that education in basic communication skills is essential for
emergence from.poverty (3). Students who lesmn well in schools have been found to be much more apt to
enter professions or occupations with 3 future. Thote whio do not réapond (o whooling and who drep oul
have grest difficuity in occupational adjustment. It has been found thet the key to school succets is
adequate use of language, snd deficincies in this are traceable 1o preschool years snd are closely related 1o
immediate famiy environmeni. Such studies as Project Tulent (1) have indicated that basic learning at the
high school level is largely a function of the bask communication skilly of the ttudents as they enter the
ninth grade and not a result of the type of schooling received in high school, Accordingly. more and more
attention has been focused recantly on preschool programs as a method of making up for lkk of a
stimulating family environment. This is now belig brought to a peak by Project Head Swust. The
fundemental objective of prexchool progmms should be to faster the language development of the child. If
he is able to acquire basic oral communication skills by age six, he should then be able to follow through in
the primary grades and acquire adequate skill in reading and written use of lunguage.

In order to evaluate preschool programs, a test of the ability to use oral language is needed. Such a
test must be individually sdministered, should take no more than ten minutes, and should be une which the
average teacher can administer and score. It should provide a measure of language facility which is
independent of vocabulary, information, pronunciation, and grammar. The Dailey Language Facility Test,
which was designed to these specifications, was originally developed for use in evaluating preschool
methods and programs. It has been used as part of the evaluation of the Language Arts Program of the
elementary schools in the District of Columbis. It is being used to evaluate Head Start and other preschool
programs, and has been or is being used in a number of evaluation studies in Washington, D.C. and in a
number of other school systems in grades one to nine, It has also been administered to several groups in the
sob Corps and similar training programs, to samples in adult basic education programs, and to samples in
schools or programs for the deaf, physicaily handicapped, mentally retarded, delinquent, emotionally
disturbed, and musku!ly tuemed md in tutorid pro;nms

In cffect, this test gives s measure of how well a person can use the Iznguage ot didlect to which he
has been exposed in either his home environment or school. The test obtains a standardized sample of
speech in ten minutes or less by means of having the subjects tell stories about or describe a series of
pictures. Responses "to each picture sre assigned scores on a 9-point scale according to detailed woring
criteria and ¢xamples at ’euh level.

The test can be administered and scored by personnel with 3 minimum of training. Two different
scoring systems have been developed. The first gives a 9-point scale measure of how well the individual is
able 10 conceptualize and communicate in his chosen language. This score is independent of standard
English vocsbulary, enuncistion, information, or grammatical exactness. The second scofing system codes
the errors or deviations from standard English pronunciation or usage and gives a duagnostic profile of
ability to speak standard English. The nine steps of the basic scale represent nine levels of matunty through
which each individual will progress as he grows from infancy to full language maturity.

The average three-year-old child will be able to respond to these piciures unly m sungle words. By age
five he will be able to respond in single sentences. By age nine he will be able to give o partial deseripuon of
both objects and action. At about age eleven he will be giving complete descriptions. By age fifteen he
should be adding interpretations or deductions about the pictures and organizing them into stories, They
may often involve well-known fictional or histonical characters or be tied into current events or recent
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instorics happenings. Large differences will be found in the levels of maturity wmong students of the same
age. The more mature four-year-olds will be functioning at the six-year-old level, while some six-yesr-olds
will be at the four-year-old level. An occasional fouryear-old (even from an extremely dissdvantaged
envitonment) will be found to be functioning at age sleven leve! or higher.

it is possible for a young child to have a very high ratio between his langusge facility age equivalent
and his chronologica! age sined he Is not handicapped by lack of experience in competing with mech older
students us he is on the usugl intelligence test, Cases have bees; found where thiee-year-old children have the
bask language facitity level of a twelve-year-old or older. Throughout most of the range of the test, students
scoring ol the 90th percentile have 2 language facility ige equivalent that is sbout 50 per cent grester than
their chronalogical age. Mentally fetarded subjects sged ten or older will ususlly be perforining below the
sge six level, This scale is designed to be a messure of how well an individual uses langusge the way he has
been hearing it. It is interesting that individuads in extremely disadvantaged situstions have been found to
differ a great deal in the level at which they can use the language to which they have been exposed.

In studies at the high school level by Project Talent and others, it has been found that a very
fundamental factor or ability involved in wccess in school work, sssuming that motivation is constant, is
the ability to scquire, retain, and manipulste symbolk information. This is usually best measured in the
later grades by tests of reading comprehension or vocabulary or tests of arithmetic reasoning with verbally
presented problems at about the seventh-grade level. The basic theory and rationale for the Dailey Language

Facility Test is to extend the range of this type of measure downward to amsess at early ages the’

characteristics of the child who has the capscity to develop into one with a higher verbal 1Q than another.
It is hypothesized that the primary characteristic which will differentiste between two such children will be
the basic level of lunguage development.

Adequately stable measures of this language facility can be obtained from most children by age three
and In many as early as age fwo. Mere precocity in very early speech, however, should not be given undue
weight in interpretation, Those rare cases of delayed speech that later develop well will not be validly
measured until the full onset of speech occurs.

Such tests a5 the Wechsler and the Binet have been found to have poor ability at easly ages to predict
verbal 1Q at maturity (4). The correlations between 1Q at age four aud age twelve have been unsatisfactory.
This has led to considerable cunfusion on the past of both prychologists and parents. The root of this.

.. _difficulty has becn-that such 1Q-tests-are & combination of a farge number of separate tests, some of which

are communications and language oriented, and some of which aze perceptual-motor in nature. Much
research st the high school or young adult lavel indicates that language facility aptitude is substantially
independent of many other perceptual and motor factors. This shows up In differential aptitude test
batteries. It also shows up in factor analyses of the various subtests of 1Q tests if they are like the Binet or
Wechsler. Because of the age placement of the various tests, the Binet or Wechsler type tests are heavily
nonverbal at the youngest age levels and heavily verbal at the more advanced age levels. This mesns that the
test is really measuring different things in adolescence than it is at the preschool level. The Dailey Langusge
Facility Test is designed to measure language facility at all ages through from about three to maturity. It is
theorized that the youngster who is going to have extreme difficulty in bask communication skills and be
severely educationally sretarded in grade six is likely to have had inadequate language development at an
easties preschool age. In a sense, the Language Facility Test may be regarded as 2 test of the ability to learn
to read at a later age. A picture represents symbolic information in the same way as do numbers and words.

Lenguage is an incredibly complex coding system, This is equally true of oral speech or written text,
Facility in ol speech is sssumed to require much the same aptitudes as facility in the use of written
language. It is assumed that increasing maturity in oral langusge facility represents an increasing ability to
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encode, decode, and communicate symbaolic information of an increasing complexity. This same ubility is
central to the problem of learning to comprehend writien text.

The test is suilable for administration by snyone ax serienced in deating with childten or students and
eliciting rapport in an interview, No prior training is required, and the test can be given and wored aftes
careful study of the manual, The iest is untimwd, and the student should be given as much tishe as necessary
to collect his thoughts and telf the story, It (s raie that the three pictures will take mote thin ten minute
total for a given student. It was desited to have pictures that could be meaningful to students from a great
vatiety of backgrounds. Many pictufes wére tied out hefure deciding on the twelve plates that are used.
One series is of actusl photographs of preschool students and teachers in a whoul fur children of migrant
farm workers. Another series was drawsi especially for the test, and these plates ware purposely made stark
and free of backgsound detall, To give yreater variety, the third wres consists of scenes by old Spanish
masters snd contains & maximum anount of shading and detail, The plates are cycled (o give three alternate
forms (Plates 1, 11, and 111; IV, V, and V1, VIi, VI, and 1X) snd three extra plates (X, X1, and XiI) for use
as alternites. Statistical analyses have demonstrited that the different pictures give highly similar results
and measure the same thing. Their factorial content, means, and standard deviations are very similar, As a
result, all can be scored by the same general criteris,

The di: ‘ctions for administration are sy follows:

1. “What is your name?"

2, “How old are you?"

3. “Do you like to hear storfes?"

4. *Could you tell e a story about a picture If | show i to you?”
5. “Good. Tell me a story about this picture.”

6. “Tell me what you see in the plcture,”

7. “What are they doing in the picture?"’

B, ""What else can you tell me about the picture?™

S.oring Method | - Level of Language Maturity

- —--The response to each picture should be scored as follows:™

9...A wellorganized siory with imagination and creativity, Need not be original. May use
well-known fictional or historicad cheracters.

B.....A complete story thit is not well organized.

7....A story with an interpretation of sume elements of sction o intentions, as deduced from or
suggested by the piclure,

6.....A detailed description of what is happening, but nothing about past or future sction or
intentions. At level 6 all or nearly all of the elements ~f the picture will be covered. in contrast to level §
where only selected elements will be covered.

5.....A partial description consisting cf two ur mare sentences with sume description of movement or
action as seen in the picture,

4. Two or more sentences describing persons or objects but no verb of action wr indication of
interaction between a person and an object.
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3.... A complete sentence that makes iense,

1...Compound responses, two of triore words st & time, 8 single word describing action, or mure than
one single-noun tesponse.

1,....Onie single-noun respuoiise,
0.....No response, garbied speech, or only pointing at picture,

If the child does not reipond ot all 10 a picture or says he cun't see it, he should be given one of the
sliernate pictures (Plates X, X1, or Xil) snd scored on it instead of the original picture. If eix pictures fail to
eticit any respanse, other evidénce from (enchers or parenta will need to be appraised 10 determine whether
the lack of response is because of exceniive thyness. This is extremely rare, especially smong utban children,

Esch picture should be scored according to the above scule, The total score for the test is the sum of
the scores on the three pictures used.

Levels 0, I, and 2 I the wbject fals to make any response whatever, or speaks in un
incomprehensible manner, or simply points at the picture, the score would be 0. At level 1, the subject gives
a single-noun response, Only one word s used. To receive a 2, the subject gives 3 compound response of
two of more wordi, or employs a single word of sction, or uses u phrase. However, st level 2, the subject
need not use s complete sentence.

Level 3. If the subject uses any complete sentence, he should be given credit at level 3, even if it fs 1
can't tell you anything,” or “That's all.” However, it must be a complete sentence, If suxiliary verbs are
omitted (“He riding," or “‘She sitting"’), credit should not be given for a sentence. Sentences may be grossly
ungrammatical a3 long as they are complete {*Dis am a hoss,” “He are a man,” or “They is on bed.”). The
ability to use a complete sentence is a most important milestone in growth in language maturity. Up to
one-third of lowincome Negro first-grade children will score less than 9 for three plciures. However, by
grade three nearly all such students will be responding consistontly to the piclures using complete
sentences. Of one group of 689 lowsincome Negro urban nine-year-old children, only five failed to respond
consisiently in complete sentences.

about the movement or action seen in the picture. At level 4, the subject only describes the objects in the
picture,

Levels S and 6. Both of these levels should include a decription of the objects and sction In the
piture being scored, the difference being that the description at level S wiii be only a partial one, The level
6 description should bs complete or very nearly complete snd cover the major elements of the picture,

Levels 7, 8, and 9. The essential element here is the existence of a “story.” This is defined as
something made up about the content of the picture wherein the picture in effect becomes an illustration
for the story. At level 7, the story should include some past or future action or intentions suggested by the
picture but not shown in it, The level 7 response will often include considerable description and may not be
& complete story. However, something must be “made up” about the picture, Level 9 should contain all the
major ¢lerments of interpretation of objects and for setting out past or future action or Intentions. It should
show imagination and creativity, but it can include well-known fictional or historical characters and need
not be original. The story should hang together sad not rambie, Everything in it should tie in to the picture
and be deduced from it. It need not be very long. Level 8 thould be reserved for stories that do not qualify
for the top score because of weak organization.
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Levcl: 4 and 5, Description of movement of action is used here in the sense that something is said
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it should always ba remembered twi vouabuiary, grammar, and pronunciation should not ¢
considered when scoring the scale level. A level 9 stoty could be grosaly ungrammatical snd from s person
not familiar with the correct names for some slements of the pictures, The scale messures facility in Lhe us
of the person's own language or dialect and not in sandard English. The scale values are completely
independent of vocabulary, information, and grammar. Length of response i3 not a factor at Jevel 6 and
above. The scale levels recapitulaie the chronological development of language facility. Independent
scorings by clerks with two hours of training correlate in the viciniey of 90 for 4 total score based on thise
pictures,

Scoring Method 11 - Messuring Devisticas from Standard English

The mmples of speech can alis b8 koiid 1o give diagrostic profiles of frequency of common
devintions from standard English, A preliminary 24-category code waz developea for this purpose and was
applied to & group of 630 students four yean aftes they had started to school togetl ¥ in kindergarten. Part
of the group were in seven elementary schools in a specisl language arts development program and the
others were in eight timilar schools, All the students were from low-income Negro neighborhoods. Clerks
were trained to listen to the tape recordings and tally the deviations as they occurred. Table 7 shows the
code used for this purpose,

Table 7. Scoring Deviations from Standard English » Scoring Method H
for the Dailey Language Facility Test

—— e——— e
3 —~— ———

Errore

Exomplen of Errer

Simple verb, wrong number
Augiliary verb, wrong number
Auxiliary verb omitted
Yrong past participle
s on plural pot ending in s
fncaerect itregular plural

— afloran- - -
gul for have or has
Letters interchanged (1 for d, 4 for 1)
& on ing ptonounced
n’ for ing
picture mispronounced
Consonants slurred
Unaccenred vowel slurred
Vetb tenve changed in sentence
Numbes of verb agreeing with

incosrect subject

they for there of their
d, 1, ar v for th
5 on possessive noun omitted
r, { omitied
¥ for @, Lr for &, nr
dipthongized vowels
Elongsated, distoned vowels
Other comments (please specify)

MECCHLETO TOZEFX—eImmoOE>

she want; they sees

he have waited; she are going

he running

wore (wein); came (come); Rew (flown)
chilluns (children); geeses

sheifs

boddie (bocele); lacy (lady)

runnin®

pitcher

chillun (children)

fam’ly; an'mal

She is geuwing up and then she got dressed.
The duck and the gull is flying.

they shoes

nuttin' (noching)i muddah (mothes)
lady’ watch

livem gir®; gi'l

bleck (black)

bayid (bed)

tahde (tired); bade (bed)
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The students in the Language Arts Program schools made significantly fewer errors in their speech
samples than did the control group. This was true at the leve! of language facility (high, medium, 2ad low)
as measured by the 9-point scale on the test. When the experimental and control groups were compared on
the incidence of eight major categories of speech errors at each of three levels of language facitity, the
experimental gsoup did better in 18 out of 24 comparisons, This is significant at the 1 per cent level.

A factor analysis wus carricd out relating the regular language {acility scale score on the < :sts and the
various error scores to such variables as subscores on the Metropolitan Readiness Test, the Peabody Picture
Vocabulary Test, subscores on the Stanford Achievement Test reacher ratings cn quality of homework,
motivation, ability to get along with other children, and effect of home situaiion, as well as grads, sex, and
age. Three varim.x rotated factors emecged from the speech sample: One was defined by the 9-point
language fucility scaic score, one appeared to be a cluster of errors in pronunciation, and the third appeared
to be a cluster of errors in stsucture or grammar, With fusther refinement the error code should become
quite useful in measuning different aspects of dialects and for evaluating various methods of diafect
tiansformation.

Longitudinal studies are under way to relate fanguage facility - .o+ s to later school success, to ater
verbal 1Q, and to later performance in verbal facility. In the meantime, the following evidences of validity
have been found:

1. The test shows a sharp gradient with chronological age and growth in ability to score weil on the
test; this coincides with resul - of other studies of the verbal performance of children of different ages.

2. Intact grade groups of low-income-area children show a distribution of language facility scores that
is approximately normal and little different from those of children in general, However, grcups of students
who have not done well in academic work in school do poorly 0a the test. Such groups include Job Corps
trainees, students in nonacademic tracks in grade eight, poor readers, and youths who have failed the
Amied Forces Qualification Test. Honors track students in low-income areas do weil on the test.

3, Mental retardates tend to be very poot in language facility.

4. Special training programs designed to siimulate language and intellectual development in young

" children have caused important gains in language facility scores of low-income-~rea children.

5. The test has been found to give apparently valid results when given in several foreign languages
with the responses being made in the foreign langmage. These include Spanish, Greek, and several Asiatic
languages, as well as sign language.

Relationships of School Characteristics to School Outcomes

Another important issue ip the education and counseling of disadvantaged groups is determining the
relationships between what schools do and the results they obtain with »tudents of widely differing
socio-economic backgrounds.

When dealing with such a complex set of measures and characteristics as a group of school inpus and
output variables, i* is most difficult to inske interpretations of relationships hetween any single school
characteristic and school performance. For example, children may read better in urban schools, but this
may just reflect greater size of urban schools; or larger schools may just show up better because they spend
more or seive higher income areas. No simple comparisons of this sort are likely to be meaningful. To
compare school performance with a school characterisic, one must consider up to 50 variables
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sinultaneously if comparisons are not to be misleading. Multiple factor analysis is one way of making such
COMPpAarisons.

With Project Talent data several studies have been made of the relationships between many school
practices #nd many school outcomes, It is not possible to obtain absolute proof of cause-and-effect
relationshing from Project Talent data nor any other similar statistical data based un relating past measures
of behavior with each other. For example, it is not possible to prove unequivocally by statistical survey
methods that higher teacher salaries cause higher school achlevement. On the other hand, it is possible to do
analyses that make it appeur quite likely that these higher salaries may be one of the most important factors
in obtaining higher acalevement. At the same time, it Is possible to use equivalent methods to indicate that
it seems v:ry unlikely that size of school as such is a necessury prerequisite for high achievement because
there is no associational evidence 1t all in this direction when all factors are considered. A given fuctor is
extremely unlikelv to be a causative factor if it shows no unique association with measures of school
performance in a comprehensive set of duta where the other important factors are being held constant,

The Project Talent data to date seem to indicate four school factors closely and uniquely associated
wiih school outcomes (such a: achievement and going to college and going to college and staying in school).
These factors are teacher salaries, teacher experience, number of bouks in the school library, and per-pugil
expenditure,

[t should be cautioned that we cannot conclude with cerfainty that these factors are causing the
differences in school outcomes, [t may be that they are caused by some outside factors which are just being
mirrored or refiected by thes2 above measurer. Nevertheless, their relationship is substantial even after as
many as 30 of the most important schoul and community characteristics have been held constant in
mithematical analyses.

On the other hand, we can be much moare confident ‘n concluding that many other factors are not
likely to be prime causes of schoo! excellence since the:' do not have any sizable unique correspondence
with school outcemes. The data in Project Talent indicate that some school characteristics seem very
unlikely to be prime causes of school excellence of output. Among these seem to be school size, average
size of classes, age of building, and suburban location,

-~ —A similarstudy was madc of the 129 elementary sthools in the District of Columbia (5). 1t was found
that the variable which was most closely related to school performance was the median family income for
the ccnsus tract in which the school was located. The higher the median income, the higher the
achievement; and the lower the income, the lower the achievemeat, This variable stood out above all others,
The school performance was measured by the percentage of the fourth-grade students scoring below the
national norra in the Reading Test of the Metropolitan Achievement Battery in 1963-64. The second most
important factor which contributed to high performaance when all other variables were held constant was
low rate of non-promotion within schonls, In addition. similar analyses were made to predict achievemeunt
in Word Knuwiedge, Arithnetic, and Total Language performance, ail of which yielded similar patterns;
high median income emerged first, followed to a much lesser degrse by low raic of non-promotion within
the school.

One of the least useful variables in this study was median years of education of the adult population
in the census tract. This is to be expected since many studies, particularly Project Talent, have shown that
high schools differ tremendously in their levels of achievement. This makes grade comp'cted a very
inaccurate measure of the a-wuai level of educztion. 1t is often said that a person has “received” only an
ecighth-grade, or a fourth-grade {or some other giade level) education. However, an education is nut
“received” in a simple sense. A person learns in a school within a cultural setting and social environment.
Often out-of-schoool fan-ily or community factors will almost completely nullify attempts to upgrade the
«Jucational skills and attainment of yout. in schools in low-income areas.
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i It i of considerable interest that in this study ethnic data about the composition of the student body
or the school stafl’ were not needed to predict school achieverment with a high degree of accuracy. The use
of the median family income level by itself predicts performunce about as well as any combination of all
the available socio-economic and educational variables. Such factors as gross expenditure rate per pupil in
each specific school and degree of wvercrowding in each specific school bore little relationship to school
achievement in schools with the same levels of parental income, This was also true of the age of the school
building. The school factors most closely related to achievement were the presence or abience of a librarian
and participation or non-participation in the Language Arts Program. The genesal pattern of findings was
extremely similar to the patterns in the studies of the national samples of high schools in Project Talent.

e

- The American school system is probably the next most important socializing agent after the family,
since it transmits the mores, habits, and aspirations of society as a whole. Whenever the families work in
harmony with the schools and the majority components of our society, the schools readily achieve their
goals; but whenever they do not, the schools have great difficulty in meeting their goals. Many large city
school systems are in trouble today and have difficulty in carrying out effective school programs. This is
reflected by inadequate skill deveiopment in their students and by high rates of juvenile crime, It appeans
clear, however, that no single person, group, or policy in individual school systems can be blamed for this.
since studies such as Project Talent show the same situation in all large metropolitan school systems. They
experience great difficulty with the motivution and development of childrea fron [amilies that do not share
in the mores, iuabits, and aspirations of the predominant groups in American society, They al.v find it
increasingly difficult to finance adequate school programs because city limits tend to be rclatively fixed,
and more and more of the wealth and leadership of metropolitan areas are located outside the central city.
The problem in the schools is not a matter of race or ethnic groups, Whenever the schools are serving
children from intact families whose heads are regularly working at semiskilled, skilled, or white-collar jobs,
they achieve their goals easily, regardless of the race, creed, or color of their parents.

Many studies have been made of the relationships between family characteristics and school
performance, and it has been uniformly indicated that family characteristics are the primary factors
determining the success of a given school. The success of a school is largely proportional to the types of
families it serves, almost regardless of such factors as schoo! size, age of the school building, amount spent
per pupil, overcrowding, or class size.

metropolitan school systems, and these problems spring from the same causes, The schooi performance and
delinquent behavior of children in the Washington schools are a direct reflection of the extent to which
families are operating to assimilate their children into modern organized society. In those areas where
families are performing this function, including some predominantly Negro neighborhoods, performance in
school is good, and juvenile crime is minimal. After differences in the types of families involved have been
equated, Washington school performance and juvenile crime rates compare favorably with those in similar
large cities.

The results of thess studies suggest that a massive improvement in the school performance of the
present low-achievement students is not likely to result from any combination of increases in what schools
have been doing in the past. We cannot solve our school problems merely by higher salaries, more teacher
experience, more books, lacger schools, smaller classes, new buildings, or moving slum schocls to suburban
locations. New and novel methods and approaches will e required, includiig large-scale team approaches to
reach the hom: environment and patents as well as the schools and children. Ways must be found to
upgrade the quality of the low-income home environment, and work is now under way on the development
of materials and procedures suitable for use by low-income mothers Lo stimulate the language development
of their children.
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The troubles and problems of the Washington, D.C. schools are the same as those of other large
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These studies that have heen reported are not meant to be representative of all the research in the
aren but do represent unproaches by the author to the batic problem of fostering the intellectual
¢evelopment of cisadvantuged and loweincome groups. It is hoped that such resesrch can make &
comtribution toward the Great Society, whose goals are for every individual 1o have an opportunity to
develop his potential and to sl are in its rawurds.

HEFERENCES

1. Flanagan, J.C. et al. The American high schoo! studcni, Technical Repott to the U. S. Office
of Education, Caoperative Research Project No. G35, Pitesburgh: Project TALENT Office,
niversity of Putsburgh, 1964,

2. Shaycofi, M.F.. Dailey, 5.T., O, I).B., Neyman, C.A,, Jr., & Sherman, S.E, Studies of u
complete age group — Age 15, Technical Report te the U, S, Office of Education, Cooperative
Reseatch Prnject No. $66. Pittsburgh: Peoject TALENT Office, University of Pittsburgh,
1963.

] 3. Dailey, J.%. Education and emergence fom poverty. [. marriage and the fumily, November

] 194, Vol. XXVI, No. 4, 430-434.

4. Bloom, B.S. Stability and change in buman characteristics, New Yotk: John Wiley & Sons,
1964, 64,

5. U.S. Office of Education contract OE-C2-6-061811-0575. [Fvaluation of the contribution of
special programs in the Washington, D.C, schools to the prediction und prevention nf Delin-
quency. Washington: Geo. Washington University, August 1966,

ha b o

i e T3 LEET

d 91







Y

!

A o

D AR e

RO

- oy

-y gt

A i AR P 1. b o s e = o YU = et B

n A e e Te—

SEASION CHAIRMEN

! 1
i
of
COL. FRED E. HOLDREGE DR, EDVARD H, KEMP
110%th Militaty Personnel Group Directotate of Scicnce and Technology
Department of the Air Force Nepartment of the A Force
B _ . R AR, _ B -
DR, MEREDITH P. CRAYFORD
Depattment of Sociology Human Resources Rescarch Office
The University of Arizona The Goeorge Washington University

MAJLGEN, OTIS O, BENSON, JR, DR, CLARK L., HOSMER
Bioscicaces and Rivengineering Dire v
Southwest Reseatch Institute Flonda seate Unnversars




Bt LB Sl e el

it Caaerh R fos ol i i g o

1X

YHE SELECTION OF PEACE CORPS VOLUNTEERS

Abraham Carp
Peace Corps

The Peace Corps sclection process has been in existence for
about five and 2 half years, Several books and about fifty articles
have been published concerning the selection process, and sbout
thirty small-scale unpublished studies have been accomplisked by the
Peace Corps staff, Significant breakthroughs or the discovery of the
magic wand have not been the lot of the Peace Corps prychologists.

Mozt of the wellbknown siructured, objective personility tests
and many of the unstructured projective tests have been
administered to adequate samples of Volunteers. An omnibus
biographical inventory has been administered, iter-analyzed,
clustered, factored, and ali but discarded. Discussions about the
unreliability of the criterivn, restriction of range, and corrections for
attenuation have raged throughout our offices. As always,
disappointing correlations in the teens can be boosted inio the
respectability of the sixties,

Objective tests of abilily, however, have proved tv have some relevance to overseas performance. Both
the General Aptilude Test (3 short amnibus type inteliigence test) and the Modern Language Aptitude Test
have correlations in the tow thir<ies with overseas performance, particularly in countries where fanguage

- luency is critical to performance. This is especially impressive since language aptitude scores are utilized in

initial assignment resulting in marked restriction of range.

Similurly, peer ratings and selection board evaluations have correlated in the mid 10 high thirtics with
both the dichotomous criterion of early attrition and a five-point rating of overseas performance,
Unfortunately, multiple correlations including all available variables are not significantly larger than the
zero-order correlations.

Having given you the results, let me buckirack und give you a picture oi the Peace Corps and its
selection process.

Background
The purpose of the Peace Corps us stated in the Peace Corps Act is:

", . Jo promote world peace and friendship through 4 Peave Corpy, whivh vhall make nalable to
interested countries and arcas men and women of the United States quabfied for senviee abroxd and
willing to sesve, under vonditions of hardship if necesary, to help the peoples of such countries and
arcas in meeting their nreds for trained manpower, and to help promote o better undusstanding of the
American people on the part of the peoples wrved and a belter updentanding of vther peoples o the
part of the Amenican people.™
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In crder to understand the problems of selection of Peace Corps Volunteers, it is helpful to restite s
series of eatly baskc policy decisions regaeding the overall Peace Corps program.

1. It was decided that the Fance Corps would go only where invited.

2, Volunteers oversess could work for the host government or for & private agericy of otganization
within the forelgn country, serving under host country mipervisors, and working with host country
co-workers whesever possible.

3. Volunteers would not be “adviiers” but “doers.”
4, Vilunteert would serve for two years, without salary or draft exemption,

5, Volunieers would be provided a living allowance enabling them to live in a modest manner
comparable to the circumstances of theéir co-workers,

6. Volunteers would enjoy no diplomatic privileges or immunities, have no PX or commissary rights,
receive no “hardship” or “cost- f-living" allowances and have no vehicles unless needed for their job.

7. Volunteers would leatn to speak the language of the host country, leam to appreciate its customs,
be able to discuss adequately and intelligently the United States when questioned, refrain from political or
religious proselytizing, and set as the standard of their success how well the requested job was fulfilled.

8. A termination atlowance of $75 for each month of satisfactoiy service was established to help the
Volunteer get started again in this country,

9. The Peace Corps would be open to all qualified, single Americans above 18 years of age and for
married couples with no dependents under 18, where each had a riceded skill,

10. A college degree would not be a requirement for service. A special effort would be made to
attract farmers and craftsmen who possess skills and experience but no degreer,

11, The highest medical, psychulogical, and character standards would be astabluhed and ﬁna.l

“selection would be made at the conclusion of training.

12, The hardships of Peace Curps life would be featured in recruitment so no candidate would
misjudge the terms and conditions under which he vojunteered to serve,

13, Candidates, trainees, and Volunteers would be told they could resign from the Peace Corps at any
time. The Peace Corps wants only those who serve freely, a decision now made each day by each Volunteer.

14, Each Peace Corps program is treated as u separate entity, Only after a firm agreement has been
reached between the officials of the United States and host country which specifies the number of
Volunteers snd the kinds of skills needed in 2 program, then and only then does the Peace Corps begin to
select trainces for that program and 10 plan a training experience especially designed for the particular
country-program. As contrasted with military services, a person does not “enlist” in the Peace Comps,
instead he offers to serve; he does not become a part of the organization until he hay been offered and has
accepted an invitation 1o train for a specific program. There is nothing in the Peace Corps corresponding to
the basic training program of most military services, Although all training programs include certain common
elements, cach training program is literally tailored to the host country's Volunteer requests.
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The Peace Corps has Volunteers in 50 different countries, While alimiost any single activity will be
performed someplice in some country, genesally Peace Corps Volunteers serve in teaching, agricultural
development, public healih, cooperatives, simall industries, and community development. Except fo: most
of the teaching programy, reasonable fluency in the host country language is a prerequinte for effective
performance,

in order 1o appiy for the Peace Corps, an applicant must (il ott & questionnaire covering hix acadermic
and work history, marital snd militery background, éxtra-curricular and community activities, as well g a
medical history. He also indicates his date of availability, his ates. counlry, snd job preferences, and takes
the Peage Corps Placemant Tests,

From the questisnnaine, 10 1o 20 references are vontacted by mat and about 85 per cent are
returned, The teference is asked tu tate the applicant on a five point scale on job compeience, emotionai
maturity, reiationships with other people, and vverall compeience. About four weeks after the teferences
have been mailed the folder containing the questionnaire, transctipts, and references are transferred to the
Classification Branch,

It is in this branch that the skill, training, and other qualifications of applicants ate compared to the
requirements of programs to be manned by Peace Corps Volunieers. Those applicants possessing the
necessary qualifications are invited to enter training for specific Peace Cotps projects. The decision to invite
an applicant for training is based upon a careful analysis of the applicant and his potential assignment. The
aim is to assign each spplicant to the job which will best utilize his or her talents and to maximicze the
overall effectiveness of the Peace Comps.

In performing this function, the staff of the Classification Branch ¢ombines a behavioral science
background with specialized knowledge of Peace Corps programs throughout the world, The Classification
Officers work closely with other members of the Peace Corps stailf who are responsible for the development
of specific programs and, in addition, periodically visit Peace Corps programs overseas to acquire first-hand
knowledge of the work being performed.

In the accomplishment of its mission, the Classification Branch petforms four main functions. These
are as follows:

1 'Iidie?nrlif); the kinds of Volunteers needed in each p]ogum N

2. Insure the o;':umum distribution of spplicant talent to all Peace Corps prigrams.
3. Compare applicant talents with progsam requirements,
4. Invite applicants to participate in training for Peace Corps programs.

Identifying the Kinds of Volunteers Needed. The Classification Officer responsible for manning
programs in a particular region assists the Program Development Office in determining the kinds of
Volunteers needed for each program. This is based upon information about the country, the environment
surrounding the job, and the kind of work to be accomplished 1t is the responsibility of the Classification
Officers that these requiremeris be realistic in terms of the work that is 1o be performed and with the
descriptive Information availsble on applicants, That is, the job requirements are translated into appropnate
educational level, language aptitude, work experience, etc, For example, if West Pakistan wunts Peace Corps
Volunteers who can advise on bridge building, it is probable that they need Voluntevrs with a strong
background in civil engineering. If it is furthet indicated that they must speak the lucal language fluently,
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then aptitude for learning a foreign language becomes an important attribute for success on the job and it
must be porsessed by potential Volunteers. However, in many cases, the work tc be parformed can be
successfully accomplished by Volunteeri with less ipecialized bockgrounds. In such instances,
fanspecialized liberal arts graduates vt equivalents may be considéred for assigniment, and it is secondary
wkills gained trom summer work, homemaking skills, sports, or farm experiences which ate the determiners
of probable suect ¢ on the job.

Insuring Optivium Distribution of Volunteer Talent. While all the applicants who pass the stsessment
phese of the prescreening are qualified to be Pisce Comps Volunteers if their wkills can de usd
appropriately, they vity in the quality of skills and training they possess, As might be expected, requests
for Pesce Corps Volunteets exceed the supply of highly qualified spplicants. Becsum of this, one function
of the Classification Branch is (o distribufe the applicants equitsbly among the many Pesce Corps programs
o that they may be considered as potential trainees. To do this, the Matrix and Statistics section maintaing
a continual control cver the allotment of applicants for contideration by the several Classification Officers,
As invitations ure jssued and accepted, there are changes in the status and needs of esch program. Feedback
on these changes are insured by internal controls and adjustments in the distribution of applicants are made
wccordingly.

e e

Comparing Applicants to Program Requiremenis. The qualifications of each applicant sre considered
to determine if he cun be invited to train for a specific program. While it may seem an almost impoasible
task to determine where best, if at all, to assign an applicant among approximately 100 training programs
sbout to start, there are certain factors which reduce the choice to more managesble proportions.
Mandatory requitemnents, such as programs needing only male Volunteers or those with college degrees or

[ with previour teaching experience, are among those factors. In addition, the area preference of the
applicant, as well as when he will be available for tralning, are further considerations which narrow the
choice of programs for which an spplicant can be considered. Whenever pomible, the desires of the
applicant are consideced, but of course, the qualificstions needed for astignment are of prime importance,

After determining the programs for which an applicant is to be considered, the Classification Officer
evaluates the individual in terms of the job demands, the kinds of applicants already assigned and future
spplicants who may be considered for the program. If, after considering all these factors, it is decided that

- toenter training will be issued.

inviting Applicants to Enter Training. 1t s only safter consideration of the above points that an
applicant i3 invited to train for & specific program, Unlike s military service which issues “orders to report,”
the Peace Corps, being & completely voluntary orgsnization, only bwvites applicants to report to training for
a specific program. This is probably a very useful aspect of the toul selection process. Each invitation to
train for 3 program is accompanied by a Program Brochure describing the country, the culture, the duties of
o Volunteers, how they will live, with whom and for whom they will work, etc, The applicant is asked
! whather ot not he wishes 1o train for the particular assignment and is advised that he hss the privilegs of
; declining the invitation without prejudicing his being considered for another Psace Corps program

assignment,

Self-selection, the decision to accept or decline the invitation to train for a specific program, is an
important phase of Peace Corps selection, but it also adds to the complexity of the task. Acceptance rates
have varied from 8 high of 90 per cent 1o less than 30 per cent {or different programs, Since it {s impossible
to predict in advance what the acceptance rate for a given program will be, it is always necessary to invite
considerably more applicants than needed,
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An spplicant invited to train for s program is reminded thst there are still fous hurdles between him
and overscas service as 8 Peace Corps Volunteer:

the goals of the Peace Corps can be uhjeved throu;h the applicam m 2 pm:cuht mi;nmenl an invitation
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1. He must meet tho rather rigorous physical standards established for service,

2. He will be subjected to & full background check of character, reputation, and loyalty.
3. He musi malntain an adequate performsnce during training,

4, He must be judged in training a5 beiig the son of individual who will be able to serve effectively in
an oversess assignment whilc at the sume Ui serving as a good representstive of the United States.

Field Selection

The futther assessment of applicants who sccept invitations to training is the responsibility of the
Field Selection Branch, assisted by other staflf members of the Peace Corps.

et

A Field Selection Officer responsible to Peace Corps, Washington, is assigned to each training program
and has the reiponsibility for coordinating the sssexumeni and evalustion of individua! trainees. The
doctoral degree in clinical, counscling, industrial, personnel, or soclal psychology is a minimal base for
appoiniment as a Field Selection Officer, and ir addition, they are carefully selected for their maturity,
Judgment, and professional experience in the behavioral sciences.

During the training program, each trainee's suitability for Volunteer service is assessed in a variety of
ways, primarily by suff members of the training institution. Responsibility for the collection and
development of the assessment data at the training site Is zssigned to a professional stafl member, usually a
psychologist, designated as the Field Assessment Officer. Easi s in training he adminisicts the Minnesota
Multiplasic Personality Inventory, a screening device to ideutify trainees for whom a more extensive
psychiatric evaluation may be needsd. Other psychological tests inay be administered where they are felt to
be uscful in further assessment, Approximately half way through the training program (six weeks) and at
the end of training, he obtains peer ratings from the trainess. However, all psychological tests ate voluntary,
and a traine¢ may reject any test or test item where he [eels that his right to privacy is being invaded. The
Field Assessment Officer is also responsible for securing systematic evaluations from all members of the
instructional staff - not only grsdes in courses but also judgments regarding each traines s suitability for
Volunteer service. Finally, he is responuble. for preparing & systematic Training Resumie for each trainee
including recommendation for the conditions of overseas placement, The Tralning Resume is forwarded to
the Peace Corps Country Representative overseas,

Sy

All applicants who accept an invitation to training are also required to complete certain forrms used to
initiate s full field investigation. This is carried out by the Field Investigation Branch of the U. 8. Civil
Service Commission. Its investigators visit ¢ach community where the applicant has lived and make inquiries
-about him from his neighbors, supervisors, and associntes. They also check his credit and police records, At
the end of about two months, the Civil Service Commission provides the Field Seiection Branch with a
detsiled but unevaluated report on the applicant. In most cases, this report merely confirms the generally
favorsble picture of the applicant as revealed in his pre-training assessment and, thus, leads 10 greater
confidence in the candidate. In 8 few cases this report reveals derogatory information regarding the
applicant, sometimes so serious as to require immediate selection-out, at other times to require a careful
scrutiny of the applicant during training before a final decision is reached about his suitability for an
oversess assignment,

e

‘ For exch 'Puce Corps program, there is an Intermediate Advisory Selectio.. Board and later a Final
Advisory Selection Board; the membership of these Boards is as follows:
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Peace Corps: Field Selection Cfficer, Program Development Officer.' - * Corps Represeniative, and
the Training Offices, if appropriate.

Training Institution: Program Director, Field Assessment Officer, M. Consultant, and Psychiatric
Consuitant,

Thexe persons constitute the Board of which the Peace Corps Field Selection Oificer serves as Chairman.
Additional persons who are in a position to contribute useful information reg.irding trainees may be invited
by the Chairman to participate ir all or part of the meeting of the Board.

The Final Advisory Selection Beard is charged with the heavy responsibility of acvising the Pears
Corps 2s to which trainess are judged to be fully qualified for overseas service and which are not,

The Peace Corps Director has delegated basic responsibility for the selection of Volunteers to the
Director of the Division of Selection. The Director of Selection cannot participate direc. in the evaluation
of eech trainee, so he relies on his staff of trained Field Selection Officers, each responsible for assigned
programs. Each follows a set of designated procedures designed to lead to the best recommendation in each
case. However, since the Director of Selection must accept the responsibility for each decision. the action
of the Board is advisory to him. N=turally, he hopes that he can regularly accept the recommendation of
the Roard. But, if for any reason (e.g., sharp disagreement among members of the Board or failure to weigh
adequately all evidence) he believes he should ::lie a:ti~ cther than that re>omme . ded by the Board, he
has the right and the obligation to do so.

The ultimate responsibility for the selection of Volunteers rests with the Director of the Peace Corps.
This is no abstraction. For example, should there be serious disagreement or serious doubt among the
members of the Final Advisory Board, the final decision on selection is made by the Director of the Peace
Corps.

: Implications

ndicates that the Volunteers have performed amazingly well overseas. Only 7 per cent are terminated early

L The question remains, is this selection program effective? A review of the Peace Corps history

‘or failure to adequately adjust to their assignment, while a fraction of 1 per cent are returned for mor¢ ~

serious psychiatric reasons. Eighty-five per cent successfully complete their full tour of duty.

In view of this high success rate, the research questions referred to earier raise questions, at least for
the Peace Corps, with respect to the typical regression model used in most selection research. The empirical
validatio.: of tests or items makes at least two assumptions:

1. Future samples to be selected come from the same population as the validation sample.
2. The criterion for performance is highly stable over time.

Both cf these assumptions, particularly the latter, are highly questionable for the Peace Corps. The
educational, motivational, age, and sex characteristics of Peace Corps applicants are highly variable
depending on, among other things, the season of the year, state of the economy, draft quotas, internal and
extermnal reports of conditions in foreign countries, and the nature of our recruiting campaigns. And our
criteria of success are constantly changing, depending on the biases of Peace Corps staff overseas, the nature
of the jobs, and many other factors. In essence, success or failure is significantly dependent not only on the
characteristics of the individua! but on the ecology of the environment.
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Where does this Jeave selection? Again, I have no pansceas. Pragmatism tells me that thers is no
“Peace Corps” type. Consequently, we try to ensure that our selaction procedures are global, judgmental,
flexible, and designed to produce heterogeneity rather than homogeneity. Sometimes, | think that a
seiection system which minimizes the number of required characteristics for entrance and maximizes the
number of charactersistics permitted for gradustion will, in the long run, best serve its purpose.

We have become less sure of the accuracy of prediction; we have become more concerned with our
role as experts. We have also become concemned with the way in which selection is consistent with Peacs
Corps philosophy and American culture. If, indeed, the Peace Corps is an “open society,” what is the
optimum role of the psychologist as selector? Still groping, we have tentatively agreed that the selection
process, too, must be open. One assumption under which we are working is that evaluation must be s
two-way process. It is somehow unfair to elicit information which is not shared with the individual trainee.
Consequentiy, we are trying to make our testing and evaluation a participative process. At various points in
the traininig process, test results, peer ratings, and facuity evaluations are discussed with the trainee, The
material presented to the trainee is not given as “the truth” but as the way he is perceived by tests, peers,
faculty, psychologists, etc. He is encouraged to discuss these evaluations and to test them s3ainst his own
self-image. He is challenged constantly to question the reality of his desire to serve in the Peace Corps as
well as his ability to do so. With this approach, perhaps we can obtain higher validities for our personality
measures. Hopefully, when the trainee takes the test he is more motivated to “tell the truth” as he sees it,
since he knows he will not be arbitrarily eliminated as a result of his test responses and that he, too, will
find out what his responses mean. This approach places the psychologist in a difficult role, since he must be
both evaluator and counselor, but I am convinced it can be done.

In one sense, our selection process implicitly embodies the principle that the most efficient technique
is one that collects as many independent evaluations of relevant behavior in relevant situations as is
possible, Consequently, we constantly challenge training to imitate as closely as possible the actual job and
environment. If the job is unstructured, unsupervised, perhaps the training program should be, also. Perhaps
the one reason why correlations between training performance and job performance are so low is that,
except for knowledge factors, many of the factors relevant to performance are not present in the training
situation.

In our research efforts in the future, we shall concentrate on in-depth studies of the criterion

“situation to help détermine the relevant pre-training and training characteristics. This may lead to both

more relevant training and more relevant selection. I am convinced the two must go hand in hand.
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THE ROLE OF INFORMATION iN PERSONNEL MANAGEMENT

Carl F, Kossack
The University of Georgia

The need for more careful consideration being given to the

tole of information in manageinent systems is siowly becoming
| recognized. All too often the increased capability in date processing
| and data transmission that is realized through the use of high-speed
: computer and data processing systems simply results in the
development of additional data generation involving larger and larger
Ly data files, Such data are often evolved independent of the need for
L} systemrtype information, or at best, each set of data is developed
with little regard being given to the interdependency of the data
contained in different files, One writer has paraphrased the adage,
*“one is unable to see the truth because of all the facts.” It is the
purpose of this paper to consider the information needs associated
‘ E with personnel management systems and to suggest an approach that
may prove to be a useful vehicle through which one can consider this
; type of information problem. Experience has also shown that the '
: introduction of system-type concepts to management problems almost always discloses a data deficiency
relative to the information required to apply the system model to an operational situation. In this regard, 1t
appears that the information acquired and used by individual managers in meeting their particular narrow
responsibility is not too useful when a more total system approach is considered. All too often, one finds
1 the available data is either incomplete, since it has been gathered only long enough to shed some light on a
I problem that has arisen, or the more continuous type information files that are available are those that are
i

vy i

required for financial reporting or legal and tax considerations; and these types of data appear to be
. ___studiously inappropriate for-use in management-type decision-making. One final int7oductory remark seems
required, and that involves making a disvinction between data and information. Although in the above
disoussion there has been no attempt to distinguish between data and information, in modern usage one
considers data as being the 1. ineasures and characteristics that ate acquired during the operation of any
program, while the term information is restricted to processed data where the processing is oriented
towards estimations required in decision-making. Using these definitions, it is the intent of the paper to
discuss how personnel data may be converted into information relaung to a personnel management system.

At a meeting of the Institute of Management Science held some time ago, W. O. Trueblood (1)
presented a paper in which he outlined an information flow model for corporate decision-muking. In his
paper, Trueblood gave a broad general description of the flow mechanism involved in such an information
system; however, he did not attempt to be very specific in Low such a concept might be applied in any
practical application, In 1963, the author presented a paper (2) which attempted to develop in more detail
these concepts, especially as they would apply 10 an electronics manufacturing program. Generally, the
Trueblood Model would also be applicable in helping to define the role ot information in personnel
management, and the rest of this paper will be devoted to such a developinent,

Let us first consider the Trueblood Model as it was iritiaily presented. In the model three levels of
manageiicnt were recognized: (1) the headquarters level, (2) the divisional level, and (3) the plant level. Of
~ourse, these designations for the three levels are arbitrary, but those used by Trueblood are the ones often
associated with a manufacturing-type organization.

101




To describe the information flow model, let us pre.ent t  flow diagram as first introduced by
Trueblood and then discuss the model by using the disgram (Figure 1),

Headquarters Mode! Estimation Long*Range Objectives
che‘ —r\.
Abstract, Compute Compare, Decide, Act
Divisional Measurement, Short=Range Objectives
Level Parameters ‘
L]
Abstract, Compute Compare, Decide, Act
\ L
Plant Measurement, Variables TARCRT |
Level ? ‘
Absteact, Compute Compare, Decide, Act

SITUATION

Fig. 1. Flow Diagran - Information Flow Model

From the abov: flow diagram one can observe that at the plant level values of the *“‘variables” of the
SITUATION must be measured and that the decisions made at the plant shouid be based upon these
obseived values relative to their expected or planned level; and further that the decisions made would have
a direct effect upon the situation, It is expected that such variables would be operational in their general
nature, -At the divisional level one obtains “parameter” estimates using the measures of the variables that
are transmitted to the divisional level from the plants. Decisions are made on the basis of these parametsr
estimates, and such decisions are concerned with short-range objectives, At the headquarters level the
concern is with model estimation, and the decisions are of & lopg-range planning nature.

Now in order to sppreciate the meaning and mechanisms thst are associated with such a flow
diagram, one must define such terms as variable, parameter, model, etc. o do this let us consider a definite
personnel utilization system situation; for this purpose I have elected to use a simplified personnel
utilization approach that one might find in 2 weapons system operational program. I will not attempt to
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use any realistic descriptions in this exposition, first because | have none available, but also because [ am
afraid that the demands of realism would complicate the consideration to the extent that the general
concept might be lost, I will use in the discussion the personnel utilization problems associated with the
introduction of 2 new weapons system into the defense arsenat of a country with particular reference to the
crew assignment problems of such a new systemn,

To consider the model that might be used in the long-range personnel utilization planning for the
introduction of such a weapons system, | will utilize certain concepts that I introduced in my 1960 paper
on the mathematics of personnel utilization models (3). Our mode! thus sssumes the existence of numerical
functions defined over the characlerization space which, for each type of personnel required to operate the
weapons system, the function estimates the relative effectiveness of an individua! if given such an
assignment. In addition to these effectiveness functions, some team-effectiveness model must also be
available so that one can converl the relative effectiveness of each member of a team into a measure of
system effectiveness,

One such effectiveness model may be in the form of a family of learning curves as shown in Figure 2.
Each curve shows the progress of a crew in its system utilization training program, with the appropriate
member of the family of curves being selected according to the background characteristics of the particular
crew members. Thus, we may have the following representations. It should be noted that the expected final
level of effectiveness of a crew may also vary according to the characteristics of the crew.

100
Per cent /—7

Effectiveness 75
Level / /
____50 .

I Y4

Time from Activation

Fig. 2. Family of Learning Curves for Crew Effectiveness

These individual effectiveness functions and crew effectiveness models are research and development
type problems that are the responsibility of individuals at the headquarters level,
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T 777 " “the final overall effectiveniess for the system. In the long-range planning program carried out at the

The long-range objectives associuted with the weapons system involves the introduction of the new
system into the defense program in such a way that the manpower resources of the country are allotted to
the several available systems in such s way that the effectiveness of the total defense system will meet the
requirements of the country, These long-range plans will utilize the effectiveness model of the new system,
in combination with general personnel assignment plans, to provide this interactive lype of long-range plan,
Contained within these long.range defense plans will be the short-range plan for the bulldup of the overall
effectiveness of the new weapons system. For example, these short-range plans may be characterized again
by a type of growth curve, and thus the parameters associated with such a growth curve would be the
parameters of the short-term plan,

In fact, this growth cuive would be the short-term plan given the divisional level who would be
assigited the responsibility, using the plan, of implementing the new system into the defense program. Such
1 growth curve may be represented by the mathematicsl mode!

where y is the relative effectiveness of the system, t is the time from initistion of the implementation
program and a,8,and p are the parameters.

The divisional level would need to program the field (plant level) implementation of the individual
system installations and for such a purpose would need to use the learning curve models for each individual
installation. A member of the family would be selected to correspond to the characteristics of the crew
assigned to the particular system, Each field installation would then be charged with the responsibility of
developing the readiness of each system astigned it and for this purpose would be given the TARGET for
each system in the form of the learning curve associated with the characteristics of the crews to be made
available to the field command. It is assumed that at any given time a measure could be made of the
percentage of completion of the training program.

. Let us review the overall model before discussing the information requirements for the utilization of
the model in an actual operational situation. The basic model considered is in the form of a learning cusve
whose shape depends upon the background characteristics of the crew members assigned to the particular
system. This curve gives the expected time to operational readiness for the system as well as the estimate of

headquartess level, the personnel allocations are made for the implementation of the system within the
constraints of the overall service requirements. These allocations are then used to evolve the individual
systems lcamning curves which are then integrated into the total system effectiveness model. This total
system effectiveness model is then used with similar models for the ather weapons systers available for the
defense program to provide the total long-range defense plans. At the divisional level the responsibility of
implementing the new system is assigned, and the short-term goal is transmitted in the form of the total
system effectiveness model as used in the long-range planning program. Now the divisional level will take
the several system installations that are required by the long-range plan and assign one or more individual
system to each of several field level organizations. Each organization will be assigned crews as the plans call
for and given the expected learning curve for their system as the TARGET.

With the implementation of the new system, the SITUATION at each field organization will be
essentially a measure of the status of the system, We can now define the variable as used by Trueblood as
being the per cent effectiveness of a given system at any given time. Thus the field level will make repeated
measurements of this percentage as time goes on and will compare these with the level given in the
TARGET. The field level by this comparison may DECIDE to act, with their actions being restricted to
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those that fall within iheir own fleld activity, For example, if one system assigned the field organization is
well ahead of TARGET while another, still the responsibility of the same field organization, is falling
behind its TARGET, transfers of key personnel might be made in the hope of better meeting both
TARGETS.

As these variable values for each system are being obtained by each fleld organization, sach system's
status would be reported to the division who would ABSTRACT the data and compute the best estimates
of the total systems growth mode! parameters, say 3and P. These estimates would be coriparid with the '
parkmeier values given the division by the headquarters level, and if a significant variation is indicated, the X
divition may make transfers of personnel between field organizations, or shift individual systems :
respansitillities, or simply recomménd changes thal may be inslituled within each given field organization, [
Such changes zre made to better meet the short-range goul.

Now these parameter estimates, as they are obtained, would be reported 10 the headquarters level i
which would be receiving similar parameter estimates for the other weapons systems involved in the |
long-range defense plans. These estimates would then be inserted into the longrange planning mode! and
the results compared with the long-range plans. If there were a significant variation between the actual
situations and the planned situations, changes, such ss delaying the phasing out of an old weapons system,
may be made by the headquarters.

In addition to the long-range planning model, the headquarters level is responsible for the validity of
the personnel effectiveness models that are used in evalusting system effectiveness. Thus, in the early
planning stages certain sssumptions must necessarily be made with regard to the relationships that exist
between the characteristics of individuals and their expected effectiveness when assigned a particular
responsibility as a crew member of one of the new systems. As experience is sccummulated in the form of
both varisble measurements and system parameter estimates, the headquarters reseasch and development
group would correspond these experiences with the expected results obtained from the model sssumptions.
If there were a significant discrepency between them, the RAD group would have the responsibility of
initisting studies simed at modifying the models so as to make them correspond mote closely with the
experience,

—-§- ——-—-— ~—— ~—This -information flow system, associsted-as it is-with the personnel utilization and ‘effectiveness — — - — — -~
' models, defines quantities whose values are critical in the personnel management of the system. Thus, the

variables that are measured in the field are direct indicators of the status of each system, while they also

contribute to the estimation of model parameters. In addition, the interrelation between personnel

characteristics and system effectiveness as considered by the system models provides critical information

relative to the man-machine problem so frequently encountered in new systems.

Although it is recognized that the above consideration is lacking in realistic details and perhaps even
in Jogical content, the purpose of this paper has been to point out the need for system modeling if one is to
develop a meaningful information flow mechanism. 1t has been all too often the experience of the author to
find that reports required by management provide, at best, information for a special study of a particular
problem and that the usefulness of the data after the completion of the special study is very limited. Often
[ these report requirements are retained by management on a sort of “just in case™ basis. Until a more total
system information program, such as that envitaged by Trueblood, is developed, there is little hope of
having the right data availsble at the right time.

In conclusion, 1 feel it necessary to note that such ideal total system concepts seem to be exceptions
rather than the rule in our sociely, and perhaps the complexity of the human factor as it enters such
systems makes it impossible to approach information requirements of a system at such a logical level. The
challenge is surely with us in this respect, and any advance made in this direction ‘cannot help but assist
management in meeting its responsibilities, even if the final total system progtam is never realized.
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_fallure of personnel research is the definition of the problem. Many farge, sophisticated, and well conducted
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THE EVOLUTION OF METHOD {N PERSONNEL RESEARCH

John €. Flanagan
American institutes tor Resesrch

This discussion of the evolution of method in personnel
rescarch makes wveral asumptions which should be explicitly stated
a' the vutset of this presentation. First, it Is intended thai evolution
mean improvement and that methind be given a broad meaning, such
as, & systematic way of uchieving an end. Using these definitions, the
title can be stated as improvement in the ways of achieving the aims
of personne) research, As all personnel rescarchers are aware, in
order to evaluate improvements in achieving ends. it is ol great
importance that the ends be clearly and completely defined.
Focusing un the evolution of methud In personnel research in this
light immediatcly reveals that the aims of personned research lave
changed very markedly over the period of the lust 25 years,

Simply stated, the goals of the personnel rescarchers have
shifted from establishing that simpic relationships exist hetween a
predictor and a criterfon to the much broader aim of contributing to dhe solution of the problem of how a
total systen such as the defense system, or the Air Force subsystem of this tota) system, can achieve
maximum effectiveness at a given level of expenditure,

The first big change, then, in method in persenned reseatch relates (o the definition of the problems
which are o be researched. Experience has shown that the most critical factur in determining the success or
studics have, after the correct application of powerful analyticul methuds, presented unimpeachable
evidence pointing to conclusions of only trivial value,

A second important topic under the heading of evolution of methud in personnel research relates to
the general area of data collection, This includes specifying the populations to he involved, the variables 1o
be observed, the procedures and measurement devices to be used in making the ohservalivns, and the
scoring or grouping of these observations for dula-analysis purposes,

The third topic 1o be discussed will be improvements in methueds for data analysis. This will include
changes in statistical methods, equipment, and concepts in this field.

The final topic to be included will be a vonsideration of data interpretation, data presentation, and
decisions,

To return to the first topic which relates to the evolution of methods in defining problems tog
personne) rescarch, a briet review should provide some perspective. Twenty-five years ugo the sttention of
most personnel researchers was focused on individual studies. Frequently the yuestion was defined as *Will
this one general ability test predict success in this training course?™ In training itself, 4 personnel reseascher
spent a substantia)l amount of time developing measures of progress o be used in tralning. They discovered
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sarly that the most important problem in training was usually the one of “Is this training directed at the
most imipotiant requiremants for effective performance on the job7" Only gradually did personnel
researchers discover thet it was profitable for them to study job design and-the effectiverens of operating
procedures involving personnel.

In the 1950's & very significant step was taken by personnel researchen in the direction of brosdening
their outlook. One of the important contributors to this development was Dr. Robert B. Miiler, a forme:
member of the Anny Al Force's Avistion Peychology Program. Dr. Miller (1) wurking on an Air Force
contrict with the American Institutes for Ressarch, developed the outlines for s procedurs for evaluating
training devices. However, haifway through the project, he noted that much of the information relating to
the validity and sffectivaness of the training device could be obtained by analyziesg the design of the device
befors it was bullt, On his recommendation the purpose of the project was changed to the evaluation of ihe
probable effectiveness of training devices at the design stage.

This, and other projects which D, Miller carried out at A.LR. for various Alr Force research groups
(2), led 10 the development of task-analysis procedures and to the developmaent In the Air Force of the
human factors requirements for the design of penonnel subsystems in connection with new experimental
and prototyps wespons systems. Doctors Walter Grether, Robert M. Gagne, Arthur W, Melton, and othen
wote sctive in formulating Air Force policies and plams in this srea (3),

Examples which illusicate the need for precise definition of the problem in personnel research are
given for selection und clauification studies and for training programs. The accepted and recommended
procedure of most psychologists 25 yesns ago 'Si obtaining a valid set of predictors in a selection or
classification situstion consisted in trying everything available and being quite surprised at which things
turoed out to have predictive value, At the presnt time this has been largoly replaced by systematic and
comprehensive studies of job performance. Among the tachniques frequently used for this purpose are the
critical incident technique and task analysis, Usting thes dsts with such & procedure a3 the method of
explicit rationales, a relatively souud bashs for defining job requirements ks achieved. In addition, the
method of explicit rationales presents for critical review prior to development or empirical validation the
insights and inferences on which the selection or devalopment of predictor measures is based. The same
logic and procedures are used for setting up a proficiency of performance test 10 measire the individual's

-~ leamingin terms of his performance with respect to 8 particular st of job requirements.

A current trend somewhat sccelersted by work in the programmed learning fleld is the development
of assessment and messurement procedures detigned to maasure all of the behaviorad objectives of a training
course before developing any of the training materials for the courss. An example of this type of procedure
with & few additional modifications is providad by a project just compisted by Mr. David G. Markle (4) of
A.LR.'s Palo Alto office. The project was designad to give the trainee as complete an education in first aid
as possibie in a 7.5-hour, 1.day tnaining period. With the sssistance of the American Red Cross, a 500-item
test was developed including ail of the skills and information regatded a3 essential to such a course.

Before beginning work on the coune, the test was given to & number of new employees of the
American Telephone and Telegraph Company which supported the project to determine which items adults
of this type already knew, The final training program consisted of 20 instructional films of 1.5 to 16
minutes in length, 17 wions for practicing newly taught skills, and 13 workbook sessions. These latter
were generally in programmed leaming format. The results from various tryouts indicated that employees
with no known first aid training obtained about 29 per cent of the {tems correct; employees who had taken
one of four previously developed programs obtained about 40 per cent of the items correct; employees who
had taken the 7.5-hour final program as developed by Mr, Markle and his staff obtained 81 per cent of the
items correct.
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Thus, the gain from the previous taining program represented only an increase of 11 per cent over
what untrained employees already knew, whereas the new program provided a guin of 52 per cenit over this
previous leve) of knowledge and skill. Various procedures were designed (o incresse the efficiency of the
development program and to avoid teaching things already known to the employees, The pretesting of
nawly hired personnel was one awthod. A second was the use of a criterion frame outline in the form of
subtesty for various vegments of the sequenced learning program. These subtest: made it possible 1o check

un the effectiveness of s specific instructional sequence and modify it if tha students were found not to
have learnad,

A deficiency of this type of empirical test is that it does not indicate those instances whiere a shorter
tralnlng program would have been satisfactory. Because of the tightness of the program and the large
amount of learning to be accomplithed in 7.5 hours, a systematic effort was made on this project to
develop “lean” programs initislly which were likely to err on the side of insufficient learning. Where
deficiencies were found, additional instructions! materials were added in smal) increments until the desired
training resulls were obtained.

One of the interesting sidelights of this study was that the employee with the highest score from any
of the previous training programs obtained 66 per cent whereas the employee with the lowest score from
the new program obtained 71 per cent of the jtéems correct. Thus, there was no ovcrlap between the two
groups, and the pooreit learner from the néw program was superior to the best ‘earner using the old
program. It seems cleas from thit example that the systematic and detailed analysis of the skills and
information to be obtained in s training course and the systematic development of a balanced training
program using empirical checks on various segments of the program in the form of subtests should greatly
improve the efficiency of much of the present training materials.

One of the problems in predicting both training and on-the-job performance using selection and
classification tests has been that there is frequently a wide variation in the quality of the iraining received
by various personne! included in the program. Similarly, motivation, morale, and operating conditions can
vary to such an extent that they seriously atlenuste the basic relations between the predictive instruments,
and the performance criterion. 1t is believed that as training is improved 2nd becomes more consistent in
quality, and supervision snd operating procedures are improved so as to obtain a higher and more uniform

 motivation and monle smong the personnel “involved, the predicted measures will show much higher
correiations with the criterion than ase currently found.

An extrenme example illustrating these attenuating factors is provided by the experience of one of our
projects in Nigeria, In this study, done under the direction of Dr. Richard R. Rowe, it was found that
achievement 1eats given to college entrants predicted performance in the freshman class quite well, The
relstion between these predictor scores and wbsequent grades dropped as the students advanced to each
succeeding class; by the time that they were senlors, the selation beiween the predictor achievement scores
and their grades at college in their fourth year was essentially zero, This was not at all surprising because of

the very great differences in the quality of elementary and secondary schooling received by the various
students within this class.

The last point to be made regarding the definition of the problem is that the new aim of the
personne} researcher is to maximize the contribution of the personnel component to the effectiveness of
the total system. Thus, the personncl researcher is faced with a much broader problem at this time, He is

nuw » member of a team trying to integrate his data on cost effectiveness to maximize the performance of
the overall system.
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The sveond aspect of methad to be discussed is data collection. This includes definition of the
populations, specification of the variables, development of procedures and devices for making the necessary
observations, and scoring or grouping of this information for subsequent analysis. Twenty-five years ago,
populations tended to be rather small. Frequently the number of variables was only one, Most of the
procedures used for prediction were standard published tests, and the scorg and grouping of the data from
th-ese measures was nearly always quite simple and conventional,

During World War 11, many new tests wer developed for specific purposes using the types of
procedures mentinned in the provious section, Also during World War 11, procedures were initiated to
foliow all aviation cadets tnrough their courses in the training command. This continuous followup program
represented a radical departure from previous studies on selected sample groups. Although much reliance
was placed on simple criteria, such as pass-fail in training and training grades (some of which had doubtful
validity), there were also many developmental projects aimed at improving the crittrion meussures. Some of
the procedures which were iitiated at that time and which have beun improved considerably in vecent
years include the objective flight check, the situational performarice test, and the standardized assignment.

In addition to the development of specific measuring devices and observational procedures to meet
particular data collection needs, perhaps the most important trend is in the direction of much more
comprehensive data collection, both initially and during the individual’s training and operational activities.
It is now paossible to include individual item data and specific observati~ns, as well as summary scores and
grouped observations, as a basis for future decisions. It seems fair to say, however, that the development of
measures and techniques for data collection has not kept pace with the rapid progress in the other three
topics discussed here. Perhaps the personnel researcher’s efforts will need to be focused on improving data
collection procedures in the next few years.

The next topic is ths evolution of methods of di._a analysis in personnel research. This topic will be
discussed under tiree headings: statistical methodology, equipment, and concepts. The evolution of theory
and mathematical statistics has paralleled and in most instances led evolution in the other two areas. More
than 50 years ago, Karl Pearson and his students provided theoretical fornulae for tests of significance with
respect to statistics calculated from samples, Their function was to determine how often a deviation as large
as that observed could be expected if a large number of similar estimates were obtained from comparably
selected samples. These values were expressed as standard deviations, or standard errors. Since for many
statistics, values obtained from samples in this way tended to be distributed in terms of the normal

.. probability function, it was possible to calculate rather readily how often a value as large as the obtained

statistical value could be expected as a result simply of variation from sample to sample under the stated
conditions. The conditions were usually stated in the form of a null hypothesis that the two observed values
.~ .¢ from the same parent population. If the null hypothesis was rejected, this was usually interpreted as
cunfirmation that the values were not from the same population but that a real difference existed, Fiducial
limits were proposed by R. A. Fisher to test whether it was reasonably likely that alternate hypotheses
could account for the observed data. However, since these hypotheses need to be specified in advance, the
only risk considered was usually the a priort hypothesis which was most frequently the null hypothesis. The
probabilities reported usually related to the chances that the stated hypothesis would be rejected if true.

In the 1930%, J. Neyman and E, Pearson helped to clarify the logic of testing hypotheses by
emphasizing the importance of the second type of risk or error, that of accepting the initial hypothesis
when some other hypothesis was true. They referred to the two types of risks or errors as “~yrors of the
first kind”™ and “errors of the second kind.*”

A geueral statistical decision theory was developed by Abraham Wald as an extensicn of the logic to
all of the various risks involved. He first applied his theory to problems of sequential analysis of statistical
data. The logic, however, applies to all types of statistical analysis. The essence of decision theory is to
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consider cost considerations and consequences of ¢ :isions in all situations. The decision maker is required
to estimate the cost of an error of the first kind an- 11so the cost of an error of the second kind. A strategy
is sought which would yield decisions which would  optimal in terms of costs and benefits.

The importance of decision theory was th - forced the personnel researcher to look not at the
question "'Does a relationship exist?”, but to tal  n many more factors in the situation and consider the
consequences of making various decisions on the _sis of the available data.

A somewhat parallel development over the past years has been the work of Doctors Hubert Brugden,
Paul Horst, and Lee Cronbach, and Goldine :leser (5). These studies have related to maximizing the
benefits from selection and differential prediction and the effects of variations in testing costs on net gains.
The value of the concept of decision theory is that it enables a rigorous comparison of alternate testing,
training, and operating procedures when all of the possible payoffs and costs under each of thesc alternates
have been estimated. The development of decision theory is certainly one of the most significant events in
the evolution of method in personnel research.

The evolution of equipment for use by the personnel researcher has been dramatic. From written
calculations, to hand adding machines and calculators, to punched-card tabulating equipment, to electronic
computers, to large capacity, remote-input, time-shared computers has involved an almost unbelievably
rapid increase in ability to use sophisticated and complex concepts in the personnel research field, Very
important advances were made in the Air Force in World War 11 in terms of using large numbers (i.e., whole
classes), using standard procedures and automatic followup, using punched-card tabulating equipment and
scoring machines, and also introducing built-in evaluation of the possible contribution from new measures
and instruments. However, the new electionic computers make possible very important forward steps in
terms of collecting much more detailed data regarding each person by following him in his career and
evaluating his performance in great detail and obt.. ning data for maximizing the benefits from personnel
decisions in a way which would have been quite impossible without the new equipment.

It is interesting that as decision theory was being developed to provide the broad outlines for a precise
solution to maximize specific systems from a theoretical point of view, the electronic equipment essential
to any such analyses was also being developed, and at the same time new concepts for overall system
planning were being formulated. Some of the basic concepts which have had great influence on the
personnel researcher include systems engineering and project definition. Perhaps the most important aspects
of these concepts are the requirement for establishing primary mission goals and major performance goals

-~ and~insisting on the careful and systematic estimation of total costs and comprehensive measures of

effectiveness for the system, A typical requirement is the limiting of the functional flow block diagrams to
pure functions to permit man and equipment trade-offs later in the system analysis program. These
concepts force the personnel researcher to be a part of the design of the system which specifies
performance goals and systematically explores all avenues for minimizing cost. The personnel researcher
must be an expert on human behavior under various conditions and be able to make realistic estimates of
the long-term performance of an individual on a particular job proposed as a part of the personnel
subsystem. Thus, the framework for data analysis has increased its sophistication to keep pace with the
development in the broadening of the problem of the personnel researcher,

The last topic to be discussed relates to data interpretation, data presentations, and decisions, This
to}::< 15 closely related to some of the concepts discussed under the last heading. The interpretation must be
made in terms of a iarger setting and in terms of a functioning of a complete system rather than as an
isolated item. There is a great need for more precise cost accounting and information on personnel
reliability and personnel performance under unusual conditions. Data must be pretented simply and in
terms of sysiem effectiveness rather than individual performance. Some of the more powerful concepts of
multivariate analysis are important for presenting the increased volume of data in a simple and easily
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interpreted form, One of the probiems in data interpretation which is a source of difficulty at the present
time is the validivy of ‘Lz measures and observations obtained. It is difficult to make the correct decision ;
with respect to & broad, well-stated problem even with the aid of sophisticated theoretical formulations and i
advanced hardware if the iechniques for data collection are not entirely trustworthy and are lacking in

precision,

In summary, the probim of the personnel researcher has changed o great deal in the last 25 years, ;
Personnel research is now much more clearly one part of a team working to optimize the results in an entire !
system. Intersction of personnel with other compunents of the system must be an integral part of the new :
research program, This change in the definition of personnal research has added requirements for callecting ]
data on many more variables and in much greater detail. It seems that this area of data collection offers the
personnel researcher his greatest opportmuity to contribute to the incressed quality of decizions. More
precise and valid techniqu. - {or measurement and observation would clearly make possible a sharper focus 1
on the optimal decision, i

The development of decision theory, new electronic computer equipment, and sophisticated concepts
in the sreas of systems engineering and related management problems have kept pace with the new '
- definition of the problem of personnel research, Another area in which important contributions are needed H
: relates to data interrretation and decigion making.

It appears that th* conceptualization of the problem of personnel research, statistical theory,
: computer equipment, and :nanagement concepts have all developed at a more rapid pace than the data :
. collection and data interpratation methods of the personnel researcher. This field will need intensive efforts i
! for some years to enable management to take full advantage of the opportunities for improved operations i
E that these developments have made possible. :
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Because so many membpers of the audience have spent major
and minor segments of their professional life dealing with the nuts
and bolts of the design rhases of the present structure, this paper
will not dwell upon the specifics of the development of a test, the
3 rationale for a psychomotor apparatus, or the procedures followed
L in the collection of critical incidents. The evolution of types of
research will be traced in the hope of making more clear the
enduring pressures and priosities that underlie military personnel
research.

It is interesting to attempt to set the date from which this
review should proceed. This is the Twenty-fifth Anniversary
Symposium; and it is quite true that November 1941 is an historic
date in the United States Army Air Corps Aviation Psychology
Program. To imiply that owr present circumstance had its origin at
that precise instant would be misleading. It is not appropriate to set the zero point at the time that Dr.
Yerkes and his colleagues assisted the War Depariment with the testing program leading to Army Alpha in
World War I, because they depended upon still earlier researchers in the domain of mental measurement.
Wilhelm Wundt, and the psycho-physiologists of his day, in a sense mark the beginning; it is improbable
£ . that profit would come from the identification of the precise instant and place whence sprung our current _ . _
i program. Better far that we should treat it as a mental measurement scale, identify the origin as undefined,
and attempt to work along from the arbitrary point established by this birthday party.

TN PP & .
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This review will be biased. Since 1943 the writer has worked within the Aviation Psychology
Program, in those organizations that have evolved into the present Air Force Personnel Research
Laboratory. Formal sources for the inaterial of this review could be the program documentation, the
technical reports, and the papers we have placed in the journals, and at the professicnal meetings. However,
this discussion will reflect experience: the program documents, the technical reports, the journal articles,
' and APA papers are like the exposed portions of icebergs—-indications of gencral shape and size, but
concealing major portions of interest,

A
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Investigation of the characteristics of the published materials of the Laburatory reveal some
continuity of certain program aspects, certain cycles of investigation that ebb and flow, and isolated
explosions of specific activity.

. T S—————cy

There is a steady tom-tom beat of production, calibration, and validation of operational tests. Indecd
the tap root of personnel research springs from the exploitation of individual differences in selection and
classification programs.
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The dramatic relations between stanine level and elimination rates for pilot trainees who had been
swreened on an aptitudinal basis in World War 11 are well documented, well regarded, and well worn as
justification for other projects in the personnel research area. Incidentally, the matter of pilot selection
continues, We find the same types of paper-and-pencil tests to be valid now that were valid in 1942, and
that the same principles of supply and demand spply.

The considerations which led 16 the use of the aircrew measures provided s basis for the development
of relatively sophisticated tests 1o use in the selection of airmen for service in the Air Force and to define
their area of occupational assignment within the Air Force, These measures demonstrated very useful levels

) of validity against criteria of school success, and hers wé find the sternal question in personnel research.
Our field of significant achievement is also our field of significant need. Our tests have had solid success in
the identification of those individuals who might be expected 10 do well in training, yet attempts to relate
test scores to operational measures of success on a job have yielded insignificant results,

This dilemma, recognized throughout the profession as “the criterion problem,” has produced tons of
ratiocination, justification, and explanaticn. It is difficult to accept the concept that measures related to
success in training for a certain job should have zero relationships with success on that job. It is improbable
that zero relationships do obtain between those uspects of the job that are trained and the selection score.
It is probable that other factors obscure the relationships if direct measures are made of global factors of
job success. Evidence in support of this contention can be inferred from McReynolds’ (1) finding in ¥958
that successively higher aptitude levels were associated with successively higher grade in Air Force enlisted
populations. This is not clean, because policies of elimination of non-productive airmen are correlated with
aptitude scores.

Let us specify that objective identification of comparative levels of achievement on the job is a basic
need of the science, Encouragement comes from studies based on the concept that homogeneous work on
the part of all membazrs of a criterion assessment sample enhances the probability of objective evaluation of
the members of that group. Positive results from these studies were reported by Wiley (2;3) in 1954 and
1965. There is reason to believe that evaluation of proficiency at the task level may produce useful result,
This, however, devolves upon future research,

| What are the ingredients of the twenty-five years of personnel research under review? Casual
! inspection of the titles of hundreds of reports emanating in that period suggests a heterogeneity like unto

‘ an oriental bazaar. More careful screening reveals that there are certain areas which receive attention on
either a continuous or a repetitive basis,

The normal human characteristic of naming that which is not understood is well known. An example
or two will clarify this point. An infantry platoon is pinned down by enemy fire. The officer and sergeants
are killed. Private Joe Doaks rallies the men, redeploys them, escapes the trap with them. Private Doaks
demonstrated “Leadership.”

A factory worker shows his supervisor how to change the design of a sub-assembly 30 that it involves
fewer parts, is less expensive to manufacture, and is more reliable in performance, He has demonstrated
“Creativity.”

An individual of limited intellectual resource has spent every available minute studying and after a
number of years is awarded a graduate degree by a leading university. He has demonstrated “Motivation,”

These three concepts, along with others, have triggered numbers of studies over the years. Some of
these studies have been generated from within, when a reseasch worker has had an idea that suggested to
him that here, at last, was the key to the problem. Others have been imposed from above, or requested by
other organizations.
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Consider the recurrence of some of these topics in the Laboratory program.

in 1947 and 1948 John T. Cowles and John T, Dailey, assisted by Bob Keller (4), were called upon
by the Officer Candidate School (OCS) to assist in the evaluation of the candidates, in terms of dimensions
like “leadership,” “motivation,” and “creativity.” They devised a program wherein a group of officer
candidates would be confronted with a problem and left to work it out under their own resources, During
the time they worked on the problem, the officer candidates were observed by tactical instructoss who had

been counseled by the psychologists on the kinds of behavior to rate and who had been provided with
forms for the coliection of data.

During the experimental and training phases, everyone involved was delighted with the program.
Some unrevealed leaders were discovered; some bluffers were unmasked; the judgment of relative
capabilities of individuals previously held by tactical officers was supported consistently enough to please

them. The system was adopted for use and then met the problem usually encountered when evaluative
systems go operational.

The officer candidates® unofficial motto was *Cooperate and graduate.” And they did. The word was
out, and various cadets manipulated their behavior so that everyone got an equal chance to shine; the means
of the ratings crept together; the variances equated; the systemn failed.

In 1951 Emest Tupes (5) started collecting peer ratings in the OCS, Candidates were forced to
nominate and order their fellows on various trait dimensions. These data were collected across a number of
classes; they proved valid for tactical officer’s ratings in the school; they were found significantly related to
later Officer Effectiveness Reports (OER). The collection of such ratings is onerous, and a policy judgment

came from higher headquarters that peer ratings should not be a part of the evaluative process in any officer
training unit,

Factor analyses applied to trait ratings by peers in a number of different populations, and reported by
Einest Tupes and Raymond Christal (6), demonstrated a stable structure, with five common factors, across
samples as diverse as kindergarten students, officer candidates, fratemity brothers, and college students.

areas identified by the trajt rating analyses by Warren T. Norman under contract at The University of
Michigan (7;8;9). This work, completed in 1963, is approaching its final evaluation, in terms of validation
of test scores for OERs achieved in the field,

And so it is seen that the fairly straightforward concept of evaluation of would-be officer personnel,
along dimensions of behavior which are quickly recognized by name, has been treated in three distinct
phases over the years between 1948 and 1966, although as yet substantive findings are not at hand. This set
of circumstances highlights a major problem in the relationships between personnel research workers and
operational personnel officers. Eighteen years have been spent in productive effort, and even though it now
looks more promising than ever before, a method for the quick and objective evaluation of personality
traits which are widely regarded as basic to desirable officer behavior is not yet available,

Impatience for results, coupled with a need for answers to pressing problems, has made administrators
reluctant to take problems to personnel research workers., Not long ago-a senior Air Force officer
commented that by and large personnel research was worthless because the answers were always behind the
problems. In 3 momentary sense this can be true, but in a larger view it is quite false. Consider a case which
frequently rises. The general says to the psychologist, “I need the answer to Question X.”

The next cycle of this investigation involved the development 6f7qué;t70ﬁﬁ;;€; t&x&ing the factor
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The psychologist says, **Yes sir, I can provide the answer to Question X in four years.”

The general says, “My tour is three years, I cannot wait four years. | will take action Y, and you
ignore the problem.”

In three years and six months a new general says, “'I need the answer to Question X.”

The psychologist says, “Yes sit, 1 can provide the answer to Question X in four years,” and the
merry-go-round continues,

Fortunately, many persons in the system recognize this phenomenon, so that a major portion of the
charter of a research unit is properly devoted {o documentation of work that continues without basis in
such momentary requests.

The apparent slowness of response observed in personnel research has its basis in facts which
argument cannot alter, If you would educe an objective measure of some desirable trait, as for example,
leadership, you must not only devise an instrument for the collection of data, but you must provide for the
collection of other data which reveal the operation of the trait in question. You must give your sample of
individuals upon whom data were collected the opportunity to display the variations in leadership which
will demonstrate that you did, or did not, collect initial data which were predictive. This is the reason peer
ratings collected in the Officer Candidate School in 1951 are not evaluated in any real tense until 1957; this
is why an experimental test administered to thousands of basic airmen at Lacklapd in 1952 cannot be
validated across one hundred technical schools until 1956; this is why a reenlistment index devised in 1960
cannot be evaluated until 1965.

There are ways to shorten these times, but in each case costs go up, and the scientific defensibility of
findings goes down. We have shortened the time for validation by administering tests to airmen as they
entered the technical school, accumulating a minimal acceptable sample, and correcting the derived
validities fcr the restriction caused by administering the experimental test in an already selected group. We
have collected statements of reenlistment intent simultaneously from airmen with one, two, three, and
three and a half years of their first tour accomplished, and compared response pattems across the sample.
These have been compared across the samples in terms of the reenlistment behavior of the first eligible

-~ —— . . sample. The succeeding samples have been added as they became eligible.—

Now, let us contemplate another problem, We have discussed the objective measurement of
personality traits believed basic to desirable officer behavior; we have considered the validation of a
selection test for a technical school; we have contemplated the evaluation of reenlistment intent. Each of
these topics is presented in a context of personnel research. At this point a number of our academic
colleagues will draw their PhD cowls down tightly on their heads and snarl that the foregoing is not research
and should not be dignified with such title, In-service applied research programs are but the application of
recognized principles to the solution of administrative problems, and properly accomplished by technicians,
not scientists.

The vicious aspect of this point is that it contains some truth; and the overt suppost philosophy for
the in-service program has reflected it at times, There has been a period when our program documentation
carried a specific indication of the weapons system toward which the research was oriented. At other times
this wording has entirely disappeared, and phrases like “investigate the fundamental characteristics of
thus-and-s0"’ have taken their place. However, the concensus of senior personnel within the Personnel
Research Laboratory over the years has been that the differentiation between basic and applied research in
artificial, that without basic elements, the applied program is sterile and cannot last. If you force competent
research porsonnel into a program of techniques where only morientary problems are considered, quality
will evaporate, and the whole program will not be far behind.
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The Personnel Research Laboratory has been fortunate that there has been a consistent sprinkling of
senior officers at our intermediate and high levels of command who have recognized the imperative
requirement for investigation of fundamental matters in concert with the solution of the more overt needs
of the Air Force Personnel System. They have been responsible for actions such as initiating a research
program in the Laboratory in the area of occupational analysis with full knowledge that nothing would
come of that program during their own tenure of pasition. In fact, that program, initiated in 1958,
produced few major findings of direct use to the Air Force until 1965, when our study of the appropriate
grade for all Air Force officers reached a reportable stage (10). It is quite true thst siudy was done in
response to z direct request. That request could not have been serviced without the prior period of
uninterrupted retearch.

1t is nct appropriate to refer to personnel research at if it were 2 univocal process, but it is beguiling
to attempt to do so, Has there been any change, has there been any progress between 1941 and 19667 If so,
what?

There are two factors that make such exposition difficult. The first such factor is people; the second
is history. By people, it is meant that different persons in positions of authority operate from different
policies, and emphasis is placed in certain areas as a function of the bias of the leader. Being in a
governmental unit, we sway with the politics of the party in power; for four years we emphasize in-service
research, with definite pressure to broaden our program and make it more genuinely basic science; for the
next four years we minimize the in-service capability, contract for development work, and concentrate on
supporting the immediate nceds of weapons systems. Although such pressures have been felt, their effect
within the Laboratory has not been marked. This is true because of the ponderous inertia of governmental
budgetary procedures, It takes effort to induce much change in the budgetary configuration of an operation
of small size, as we have been. The stability of our key staff has tended to introduce and maintain a
desirable balance in the way we conduct our business,

The second factor making difficult the assessment of the evolution of the program in personnel
research lies in history. If in a vacuum, with constant economic framework, with unchanging military
commitments, without technological change in weapons, vehicles, computers, and communications, the
evolution of the process could be observed. Since 1941 several factors external to our control have
impacted on the program. First, World War 11 ended. A number of projects, mostly focused on development

~ of raethods of performance evaluation were inconclusively abandoned. The manning of the avistion

psychology program was reduced from several hundreds to about five persons.

Starting in 1946 John T. Cowles and John T. Dailey began to assemble a peace-time research
capability in militzry psychology. Their program grew and by 1947 monitored an aircrew testing program
fostered by Reuben Baer and developed paper-and-pencil classification tests for enlisted Air Force
personnel. Effort was spent identifying and elaborating measures of officer quality and broadening the
coverage of aptitudes for enlisted persons by closer attention to personality factors, with data collected
through biographical surveys rather than from classic personality scales. Tests were scored by machine;
scores were key-punched into IBM cards; validation studies were run by computing basic summary data on
IBM tabulators, then computing the Pearson correlations by hand, with desk calculators, and multiple
correlations in the same way. Pedestrian and primitive by standards of today, it was a forward step from
calling off scores from answer sheets to prepare scatter plots for the individual hand computation of
Pearson correlations as was done early in World War I1.

And then the Cold War led into the Korean conflict. Under the liberal mahning policies thereby

induced we found a considerable increase in Air Force psychologists. The Air Force psychology program
grew rapidly and came to include research progran's in operator training procedures, ciew research,
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maintenance techniques, methods for the use of tadar observers, aod a host of others. The Pensonne}
Laborstory program grew to include research in manpower, s program in motivation snd personality
measurement, 8 program in sptitude test ressarch, and improved support functions in experimental test
administration and data snalysis.

In 1957 the larger organizstion was curtailed, leaving the Personnel Laborstory with a program of
aptitude and evaiuation research, and beginning a new program of occupational analysis,

And then, one day in August of 1958, a not very prepossessing truck backed up to building T9016*
st Lackiand and unlcaded a few tons of hardware known ax an 1BM 650 Data Processing System, We didn't
know it then, and we didn’t recognize it for the next five years, but that was s most significant date in the
Laboratory's history, We were iike the cave man the day he discovered a wheel. Our losd was marvelously
lightened; our capacity was immessurably increased,

At first our new computer was used a2 a large deak calculator, We are not unique in this respect—every
organization with its first computer has gone through the cycle of automating the previous operation and of
being slow to understand the true power of the computer and to apply that power economically to their
need. But there had been, as there are still, men of insight in our program, and in the Air Force Personnel
System. John T. Dailey, in 1948, had contracted with David Votaw (11), a mathematician at Yale, to study
the personnel assignment problem, the best fit of N men in N jobs with attention to all charscteristics of
the men and of the jobs. Earlier Robert L. Thomdike (12) had worked on the same problems; most of the
reaction to their work was amazement at the variety of symbols in ihe equations in their reports. In the
early 1950's, John Leiman had contracted with Carl Kossack to contemplate Markov chains in the ligh' of
the flow of personne! through a system.

At we moved into the 1960's, we came of age, We modemized our computing procedures as urged by
Joe Ward and Robert Bottenberg. Our analytic procedures moved five years ahead of the profession then
and are five years ahead of it still, if the papers read at professional meetings are to be trusted. We have
developed machine applications for the assignment models and flow models contemplated by Votaw,
Kossack, and Thorndike. John Merck and Frank Ford of our stuff have polished them and supervised the
detail work of programming them for the computer, which was upgraded to 7040 in 1962,

More than this Joe Ward and Robert Bottenberg have gathered themselves, together with their native

“intellect, the analyses they encountered on the way to-their doctoral degrees, the problems of & modern-

personnel system, and the characteristics of the high-speed electronic computer, and they have fumished
the profession with a more powerful tool for the accomplishment of personnel research than was dreamed
of in 1941, or 1946, or 1960 (13). Their application of the multiple linear regression model as a tool for
behavioral research represents a major breakthrough in the state of the art. Precise evaluation of the role
played in any personnel action by all the varisbles incident to that action is one manifestation of the power
of the model. Data for selection of an optimal set of selection variables to meet reveral criterion groups is
another,

As is often the case in research, minor elements of bygone programs are vital to current major efforts.
During and since World War 11, every bit of data or personal information on a member of the Air Force that
the Laboratory happened to acquire in either a reseaich program or from support of an operational
program has been retained. Records Management types have complained of our failure to discard records
more than a certain number of days or years old. Laboratory commanders have striven manfully to clean
the Augean stables of our archives; “thsow the junk away” has been the cry. And we did throw some few
things away-after we had copied them on magnetic tape.

*Ed. Mete. ~Official designation for the building which housed the Petsonnel Research Laboratory and
housed many of its antecedent forms,
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But tn Novemuer of 1966, the old data are suddsnly a treasure beyond price. It is postible to trace
the relationships between selection scores and the sctions of persons who have profoundly distinguished
themselves, in either & positive or 3 negative way. Longitudinal studies involving selection variables and
caresr progression becoms matter of course. The data bank has been augmented by the collection of
information from active Alr Force personnel tecords and by compiling them into chronological histories,
Matsd with aptitude, training, and career progression data, the computer can now sccomplish studies of

populations, not samples.

A flow mode] in a computer, showing numbers of persons in every category of interest, permitting
the Deputy Chief of Staff for Personnal to wurgame such policy changes as he may elect, cannot exist
without some mystic values called transitional probabilities. It would be possible to estimate the numbers
of, for exampla, siaff sergeants in the administrative career field who have exactly seven years service who
will, during tiw next year, become technical sergeants, remain siafl sergeants, accept discharges, be killed,
got married, have another dependent, switch career fields, and so forth. When the estimate is complete, it
will be datu of a sort, but accuracy is bound to be low. With the dats bank one can develop an empirical
matrix. Then one can say to the general, **Yes, sir, that is what happened.”

The combination of high-speed computational facility and files in depth on personnel data permit
entirely new kinds of endeavor. We have joined our files with the craft of the economist 1o accomplish
studies which have been of financial benefit to every member of the armed services.

The facility engendered by the computer makes small work of arduous computationai chores, It can
sccomplish the simultaneous comparison of two thousand airmen, in all possible pairs, across their recorded
performance of 900 tasks in their career field. It can identify groups of airmen of homogeneous duty in a
career field, even though scattered throughout the Air Force, and it can write an accurate description of the
content of their jobs.

Twenty-five years have seen us move from the validation of a test battery through a process of
hand-tallying of scores and the computation of correlations on a scatter plot to an automated data
processing capability that can accomplish s thousand man-years of hand-done clerical work within the
twinkling of an electronic circuit. The power of investigative resource has gone up millions of times with
the advance in computer technology. Personne! research has broadened from the identification of aptitude
varisbles associsted with success in training to the modeling of Air Force careers and the accomplishment of

demographic studies which make-the chore of the personnel planner and administrator an objective science— -

rether than a mystic art, Precision in the identification of the capabilities of persons, and the requirements
of positions can now be welded 1o humenitarian and equitable policies for the effective manning of our
military service,
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OPPORTUNITIES FOR RESEARCH IN THE MILITARY SERVICES

Ernast J. McCormick
Purdue University

I believe | was targeted fur this topic bacause 1 have not
learned the art of keeping my mouth shut. In particulas, T juess 1
have come to resemble a cracked record, having repeated on various
octarions the same theme=nanily, my deep-down conviction that
the opportunities for personnel and related reseasch in the military
services are significantly greater than they are in industry or
universities, Basically, this conviction is predicated upon two
factors: first, the very respectable, and occasionally outstanding,
achievements in this area that the various services have racked up in
the past, and second, the psychologist’s usual assumption that future
behavior can best be predicted on the basis of past behavior.

As a point of departure, then, 1 would like to offer the opinion
that many of the landmarks in personnel research and related aress
have been made by the military services themselves, or have evolved
from beachheads that the military services have established in their research activities. 1 hasten to add,
however, that the road to these accomplishinents has not always been a freeway, it has frequently been
mountainous, curved, and strewn with rocks. (I will retum to a discussion of the rocks later on.}

If you will pardon some reminiscences about the obvious, I would like to cite a few “for instances” of
the significant research contributions that have been made by the military services,

Dominating the landscxpe of the past is of course the wide assortment of innovations made by the
military services in the broad area of personnel classification und assignment. Basic to this effort is the
sequirernent for the measurement of human attributes by the use of tests, scales, questionnaires, and related
devices. In this connection, there is hardly s text in tests and measurements that does not, in its
introductory chapters, cite the Army Alpha and Beta examinations of World War 1 as the first significant
step in the whole domain of group tests. Concurrent with the development of these tests was the
development of pro. ~dures involving their use on a wide scale in the classification and assignment of Army
personnel, Although this quantum step in personnel selection and placement procedures served as the
springboard for the development of comesponding tests and procedures in industry some years later, ils
impact within the military services was relatively nominal for the following couple of decades during which
the military services, as such, passed through a period of partial eclipse. The experience developed during
World War 1, however, plus intervening developments of test technology in the civilian sector, plus that of
certain Government agencies such as the U, S, Employment Service, provided the bucklog of experience and
technology that made it possible for the Army and Navy in World War 1! to emburk immediately upon what
was then the most extensive program in personnel classification and assignment the world had ever known.
Despite the criticisms to the contrary, both well-founded and not, it is at least my own personal conviction
that those classification programs contribated significantly to the effectiveness with which the military
services girded themselves for that unhappy | riod. Among the several very effective programs during thuse
days, for exampie, was the (then) U. S, Air Corps program for pilot sel.« aun, an unusually comprehensive
and thorough test-validation program initiated by Dr. Flanagan and his fellow cohorts here at Lackland Air
Force Base.

121




T ETEELEET T ey e e

T R e 7 ey it iy KT T R

Aside from the demonstration of the effectiveness of perconnel clastification programs during, and
since, World War 11, the research staffs of the military services have made significant contributions to the
entire domuic of tests and measurements in various ways: for example, in the development of a wide
variety of test: as such; in the domain of what T will call test technology (such as the contributions of the
Army Pet:onnel Research Office); -nd in special, unique approaches to the use of tests, such as in validating
tests for certain subgroups of subjects. As a logical followup of the original classification programs of the
militaty scrvices, the three services are now applying computer technology to the personnel classification
and assignment problem in the assignment of recruits to various types of tiaining and duty. I might add,
parenthetically, that such eclaborations place a much heavier burden upon the researcher than the now
archaic scheme of having such personnel decisions made by people,

Another facet of personnel research in which the military services have had a doniinant input is that
of personnel appraisal and rating methodology. The work of the miiitary services in this particular area was
initiated by the Army during World War I with the rating sysicm that was developed by Scott and his
assuciates. Another milestone was the development of the forced<hoice methodology, sparked by
Richardson and others of what is now the Army Personnel Research Office, and pursued further by others,
including Berkshire (a former member of the staff of the PRL, now with the Naval Aerospace Medical
Institute). The forced-choice rating technolugy has zenerated over the years a chain reaction into other
areas such as personalily measurement, attitude measurernent, etc.

Related to performance appraisal are other aspects of performance measurement. In this connection
the military services havz sxplored, mnre than anyone else, the use of performance tests of various types,
both for research and administrative use. The Army, for example, is in the last stages of completing an
ambitious research undertaking that has involved a testing program in which 4,000 lieutenants were ordered
to a test site for a week of situational performance tests,

Stilt another research area in which the military services can take a front seat is that of training.
Collectively, there is vast ignorance about the human leamning process in real-life situations, However, the
military services have done mote than their fair share in reducing this void. Perhaps a very significant,
although not spectacular, forward step along those lines has been the development of training content and
methods which are designed to fulfill actual job requirements. A couple of examples of this are those of
HumRRO in theit TRAINFIRE program (dealing with leadership training). A related effort with an
additional twist is the research program at the U. S. Naval Personnel Research Activity, San Diego, reported
by Dr. Fields, in which the objectives were (1) to train as electronics technicians new recruits whose
aptitudes were lower than those usually selected for such training, (2) to train them in a shorter time, and
(3) to train them so their skills would be more immediately useful on the jou. Evidence to date indicates
that there are no differences in the shipboard job performance of the experimentally trained men and those
in a control group, although time may later reveal differences in promotions, performance in advanced
schools, etc.

Various aspects of personnel research hav: dependence upon some type of job analysis information.
Job analysis, of course, has been something 2 hugaboo to some personnel research efforts, since the
problem of quantification or categorizatior  jc. information has been a fairly knotty one. But here, too,
the military services have ventured to tread, with reasonably significant results. The pjoneering work of the
Personnel Re.earch Laboratory (whose birthday we are celebrating) is particularly noteworthy. They have
developed and used job inventories, consisting of lists of job tasks in a given career field, as a means of mass
collection of job information directly from job incumbents. This technique, in combination with certain
associated statistical procedures (which they have also developed), has made it possible to describe jobs in
qurntitative terms and (o express job relationships in quantitative terms.
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Although our primary focus in these meetings is that of personnel research, the title of this
Symposium is Personnel Rescarch and Systems Advancement. The “system' is the framewark within which
“personnel” perform their functions, The last couple of decades hiave been characterized in part by a frenzy
of attention to the “‘systems approach” = both to its faddish aspects as well as to its rea] substance. An
important facet of this “new look™ ai the context within which people work is the application of
systematic effo.ti Lo design the physical equipment peopie use and the environments within which people
work in terms of human considerations. Although thess objectives are us old as man, the develnpment of
human factors engineering brought a systematic, scientific approach to this effort. The major thrust of this
effort must be credited to the military services and, thus, must be chalked up ss another very significant
contribution of the military services, A very major part of the research in human factors engineering in the
years since Wogld War 11 has been carried out or sponsored by the military laboralusies, such as the Air
Force Behavioral Research Laboratories, the Naval Research Laboratory, and the Army Human Engineering
Laboratory.

A logical evolutionary step developing out of this new look was the notion of the personnel
subsystem, also a contribution of the military tervices. This concept has served as a catalyst to lend
cohesion and integration to the two imporiant facets of application of human effort to the achievement of
stated objectives ~ namely, on the one hand, the personne! aspccts and, on the othei hand, the design of the
facilities and equipment (i.e., the physical systems) that are provided for people to use. For too long these
two sides of the coin have been treated independently. The personnel psychologist, for example, has acted
as though the work situation (i.e,, the equipment, the procedures, the work space, the environment) were
God-given and not subject to change. Starting from this premise, his objectives were those of selecting
personnel, and then training, supervising, and motivating personnel within this pre-ordained job situation,
The early approsches to humsn factors zngineering were equally lopsided in the other direction, being
directed toward designing work facilities and equipment so anyone could perform the required tasks, thus
brushing entirely aside the required need for consideration of individual differences, the thing most dear to
the heart of the personzniel psychologist. In its optimum form, the “systems approach” to the development
of facilities and squipment does, indeed, take into account both sides of the coin. It is specifically the
concept of the personnel subsystem, however, that tends to weld the two sides into {if you will pardon a
mixed rmetaphor) a single, integrated ball of wax. In the development of this frame of reference, research
peychologists and uther personnel of the military services have played 8 major part.

In discussing this sort of “desegregated™ or “integrated™ way of looking at human beings in systems, |
do not want to imply that this “new look" is now standard practice, or that completely adequate methods
and techniques of analysis have been developed, or that substantive principles and guidelines have been
developed to solw all of our problems. But the walls of Jericho-that have tended toward
compartmentalized approaches to human problems in the military services and industry-these walls at least
have some cracks in them, these cracks having been started by the military services,

Another major research effort that has major overtones relsting to humsn performrace is that of
CDEC. the Combat Development Experimentation Center at Ft. Ord, California. This center is concerned
with expeririientation with military doctrine, tactics, organizations, ete, Their research relating to simulated
military op./ations of various types is carried out in a grand scale over miles of terrain. This is the type of
experimental opportunity that could cause a pragmatically oriented experimental psychologist to drool
more than Paviov's dog.

One could cite other examples of rescarch contributions of the military ser-ices to the field of
personnel and systems research that might be considered to be “significant,” as in rhe study of human
stress, leadership, or group performence, or in the develooment of criteria and = <tical techniques.
Various such ¢fforts might be of the nature of landmarks or breakthroughs, or of * ture of interesting
innovations, or of the nature of door-operers that shed a ray of light on a previcusty hidden nook or
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cranny, or of the nature of yeast that sibmulates ressarch fermentation. Bul adide ftom Uwee “ugnificent™
contributivns, the militar. services have, of course, produced a musive volume of good, solid, mubstantive
(though perhaps not earth-shaking) research. Actually, most of their research undertakings probably are of
this nature. Obviously only a few people on the merry-go-round can catch the brass ring. Within the
sub-world in which you and | live, there is need for un-glamorous, un-spectacular, but painstaking, thorough
rescarch to achieve certain objectives. And one must also give the military laboratories both an “A” for
effort and an “A" for achievement in continually snd diligently carrying out these unsung responsibiliries,
In addition, the military services must acknowledge responsibility for perpetrating their share of the
{unfortunate) cccasional examples of ill-conceived, poorly designed, ineptly exectited retcarch projects, and
of those elegant, wellexecuted projects that deal with trivial topics.

The representatives of the various services here have reported on their on-going research programs.
But perhaps these examples will ilustrate my central poiat of the momeni-that, indeed, the military
services have collectively served as pioneers in the field of personnel research and systems anslysis and, in
addition, haw produced over the years a very extensive, respectable body of pragmatically oriented
research in thise ballparks.

In connection with the research approach used in the various research programs, it should be added
that, in the case of certain specific programs, the research efforts sort of move across the spectrum of basic
and applied research, although the direction of this shift can be either way. For example, in a HumRRO
study nf tactile communications, the research approach <tarted from the springboard of the basic work of
Geldard and others and is mcving to the actual dzvelopment of a communicatior code and hardware to
transmit electropulses to the skin. On the other hand, another HumRRO program, dcaling with
performance under stress, started at the emnirical end of the spectrum and has culminated in the
development of a theoretical formulation-namely, a conceptual model of behavior under stress,

The wide spectrum of substantive research of the military services is, of course, not a fortuity.
Rather, it is the consequence of various features that are characteristic of the research laboratories. High on
the list of such features are the personnel of the laboratories, including both the research directors and their
staffs. Most of these individuals are persons of significant stature, ability, and dedication. Another feature
of behavioral research in the military services is the ready availshility of a never-ending supply of, shall I
say, “volunteer” subjects—such as to cause other researchers to turn green with envy. Further, the subjects
frequently can be induced to return again, the next day, or the next week, for retesting or other

~ experimental procedures. With respect to subjects, the services over the years build vn extensive

longitudinal information about individuals, covering the span of recruiting, training, work experience of
various types, through termination. These data frequently are in the furm of automated personnel records,
readily available for use. This carcer-span of data also makes it possible to have access to, or to develop,
criterion information of an intermediate or ultimate nature that is usually difficult to come by in typical
industrial or university situations. And in certain circumstances (unfortunately not all), the physical
equipment available for research is unexcelled.

Ewtlier 1 sard | wouid be discussing some of the “rocks™ in the road. Let me mention a few of them
now. Looking at the rescarch activities of the military services back over the years, there have been periods
of lack of administirative (i.e., financial) support; there have been times when an organization has worked
with an axe poised over it-and times when the axe has actually fallen; there have been times when an
organization has suffered under a new commanding officer with a new broom, or 3 commander who
perceives the activities as a lot of folderol; there have bezn organizational changes and reorganizations and
re-reorgani. ations, with agencies being split assunder and scattered to the jour winds or shifted to some new
(and occasionally very surprised) parent organization; there have been congressmen and newspsper
reporters who have raised questions about certain research projects, thereby by implication raising
questions about cntire programs: and always the work is carried out in glass-walled buildings without
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wirdow shades, open to public view, | am not necessarily saying that the researchers in the inilitary wervices
have mor¢ problems than anybody, but they certainly have had their share, and I think it is doubly
significant that the major accomplithments of the research laboratories have been achieved in the presence
of some of these kinds of problems.

This, of course, leads to the question as to the factors that have ~Lrtured such research activities in
the midst of the occasional (or frequent) drought, hailstorms, changes in climate, etc. | think that this can
be attributed to various factors, but I believe that the critical factor is the fact that the research programs
basically have been focused on the proctical human problems of the military services, and “urther, the fact
that the products of such research have been perceived as actually reducing v. even solving, at least some of
these problems. Even the frequent rocking of the boat over the years—dustressing s it may be, especiaily to
those in the bost-does not detract significantly from the fact that personne! and systemi research has
effectively demouistrated (o the services its virtually indispensible quality. At this point in time, I believe it
can be said with reasonable confidence that the concept of research as an essential aspect of a personnel
program or of 2 systems- development program s indeed intrinsically ingrained within the fabric of military
operations. It is this convicticn that lends confidence to the prospects of gensrally continued support of
such research by the military services.

This is not to say that there is universal and enthusiastic support for personnel research in al! branches
and at all echelons of the services. Most of us hcre would wish that such support would be more universal,
But basically the services aze now so firmly committed, and I think rightly so, to personnel research that i-
Is inconceivabic that there could be uny significant backtracking. Most of us here prot.bly would concur in
the opinion of one general officer who has stated that there is grester payoff, dollar for dollar, from
personnel and humar factors research than from the other dollars.

Looking ahead, 1 would envision the nsed for even greater dependence upon behavioral research as we
move toward more and more complex military systems.

Needless to say, then, we cannot relax in the fice of the challenges of the future. Let me just suggest
a few, For example, as 1 implied earlies, the prospect of using computers in personnel classification and
assignment and in reassignment places an increased burden upon the personnel psychologists to come up
with valid information to crank into the computers in carrying out these operations. Computers are much
more efficient in perpetrating errors than are people, and if people feed them incorrect informstion to
begin with, the computers can be very efficient in producing wrong answers. In addition, I would envision
the development or elaboration of rescirch requirements relevant to such problems as the development of
job strctures and career ladders; total career utilization of personnel, including reassignment policies; the
development of organizational structures and military doctrine that tend to optimize the use of human
talent; the development and design of systerns that sre optimum in terms of multiple criteria or
considerations, such as system performance per s¢, human abilities, training costs, personnel career
Gevelopment objectives, manpower utilization considerations, etc.; and long-range manpower procurement
policies, designed to minimize imbalances in the “flow” of manpower through the military systems. But Dr.
Wallace, the anchor man of this Symposium, will tell us about the future, using his crystal ball, My point
here is that what now appear, in a very hazy way, to be the future research requirements of the military
services, are going to provide opportunities galore for the behavioral sciences. But the extent to which
research objectives can be fulfilled depends, of course, on the constraints and boundanes within which the
activities are carried out. Virtually every research cffort has some sort of constraint imposed upon it; in
some circumstances these asre more annoying than impeding, but in other circumstances they can be
seriously impeding. Within the existing research laboratories of the military services these constraints, in
various situstions, cover the gamut of poor physical facilities, inadequate experimental equipment, and
unfortunute personnel practices. For example, there are certain artifactual sspects of the personnel
classification system and restrictions on promotional possibilities that tend to impose lower “ceilings™ on
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rescarch  personnel than might otherwise be the cats. The occasional changes in the prevailing
temperature~that ig, the biowing hot and the blowing old of the budgeteers on high-of course, constitute
a source of wiry and concern. Obviously, one never achieves Nirvana in this world. and even the prima
donnas of the research community should not expect to be relieved of all soirces of worry, irritation, and
difficuity in carrying out their functions. However, it would seem in order for these responsible for
administering research undertakings at various levels to keep their antennas continually tuned ia, in order to
be able to sense those conditions and circurnstances in research activiiies that might significantly impair
their carrying out of their functions,

In discussing personnel and systems research, | have been tatking primarily ebout the closed system of
the military services as such, In general the primary focus of the services must be in terms of their vwn
requirements. But the military services also have a vested interest in the world about them. Research, of
course, knows no organizational bounds, and the interaction between research in and out of the military
services contiibutes mutually to both sides of the fence row. This interaction is manifest in the significant
elfects of military research in personnel and systems research on the civilian community. This by-product
effect in the behavioral sciences is sometting akin to the effects of military and space research in the
physical sciences in the form of new and improved civilian products. And the military services, in turn, have
benefited from the reverse tlow, In this interchange, it is to the credit of the military services that they
have, in overt ways, encouraged and promoted this interchange, such as in the research they have sponsored
in universities and elsewhere (e.g., the program of the Office of Naval Research), Thus, much of the
research carried out wishin the military establishment, although specifically addressed to the pragmatic
problems of the military, will also contribute gradually to the better understanding of human behavior in its
various manifestations and, thus, help to promote human welfare in general.

After these randori musings I should somehow get myself back to the track I started on-namely, the
opportunities for resessch in the military services. In contemplating this topic myself, 1 must confess to
having viewed it through a one-way mirror, namely, that of viewing the personnel and systerns research
milieu from the poiut of view, for example, of prospective employees, such as new Ph.D.s who are
considening various employment opportunities. From this point of view | have said, and will say again, that,
considering both positive and negative valences, 1 think the opportunities for research within the military
services are greater than those in industry, or even in universities.

But then, al! of a sudden-as with a reversible illusion such as the classic staircase~it dawned on me
that this same phrase, “the opportunities for research in tie milivary services,” could also be viewed from
the point of view of the military services themselves, From such a point of view, one could pose the
question in various ways: for example, “What are the opportunities within the military services for carrying
out behavioral resecarch that might contribute to the solution of some of their human problems?" or, “What
are the human problems, now or in the future, about which we (speaking for the military services) have
some opportunity to do something-via the behavioral research route? Have we (the military services) been
pulling answers to human problems out of thin air, or making decisions on the basis of virtually zero
information, when we could through research obtain some data that might increase significantly the
possibility of making better decisions?” Obviously my “instant insight” is old hat to the military services,
for they have of course asked themselves these questions in one form or another thousands of times, and
have answered them themselves, usually in some affirmative way; otherwise, such organizations as the PRL
would not have any birthdays to celebrate.

Although my reversible twist-of-a-phrase about “opportunities™ for research really is not very clever, |
would like to say, in conclusion, that | believe it does relate to a basic verity. In particular, I believe that the
“establishment” (i.e., the military services) and the research personnel of the laboratories have the same
resonant frequency=that there is sort of a coincidence or unity of mutual objectives that has been a source
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of research vitality and productivity over many years, On the one hand, any 1esearch psychologist who gels
his kicks out of dealing with the hard, knotty, difficult, practical problems of the real world can find the
problems and the opportunities to work on them in the military sewvices, And on the other hand, the
military services can facilitste the solution to “uman problems by being alert to the opportunities to brng
1esearch approaches to hear upon them when such action will likely contribute information that is relevant
tu their decision-making processes.
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RESEARCH INTO ACTION

Robert €. Murphy
Aerospace Medical Division
Department of the Air Force

Twenty-five years ago, over my objections and those of my
Commander. | was transferred from tne neat and ordesly life of an
infantry sergeant, where 1 at least felt as if [ knew what | was duing
most of the time, to San Antonio, Texas and the considerable
confusion attendant to setting up u psrchological testing unit, The
basis of this transfer was that 1, enrouts to a degree in history, had
taken a course or two in elementary psychology. Within a week after
reporting for duty, I was given a vne-hour on-the-job traming course
and assigned as the noncommissioned officer in charge of group
testing, H you think | am exaggerating the contusion, let me tell you
of just one incident. Euch day, two hundred men were marched up
to an opcne bay testing building where they were seated in
dlphabetical order and given a day-lung session of group tests. This
two  hundred-man group had no  designation=there  were no
rosters-just o bunch of boys chosen from the cadet “pool.” One
morning, after 1 had been in charge for about a week, nobody appeared for testing, and | called Mujor
Robert Rock to report the missing men. He advised me that there was a little delay i getr:ing the men out
of the pool, but that my two hundred men would be alung in a few minutes, Ahout tive minutes later, as
predicied, about two hundred men, with a corporal in charge, came down the street toward my building. [
stopped demt in front of the building, went through the usual procedure of filing thens ‘nto ther places in
alphabetical urder, and then startad the testing. About two hours later, a very bewideied Lt Colonel peered
into the window, his face registening disbeliel, then fury. He called me outside and, after bracing me
properiy, told me that the inen being tested were not aviation cadet candidates a5 all 1 had intercepted his
group of enlisted men who were marching down to the railroad sidig Tor shipment to Keesler bield. The
train had depuried with all their buggage and records. Incidentally, 1 have never found out if the men and
their paraphernalia ever got together, 1t was a turnimg puint in my lile, however, for mmmediately 1 decided
that it was an appropridte time for me 1o apply for Officer Candidate School.

In discussing the topic which was suggested for me, “Research Into Action,” | do not intend to draw
any fine lines hetween basic and spplied rescarch and the category of techmcal development, With regard to
the Personne) Research Laboratory, it s often difficult (o trace the Laboratory products back to the
omginal deas or individuals responsible. The payoffs 1o the Air Force have resulted rom the ideas and
effurts of many peuple over, sometimes, Luig periods of conbinuing retine, ients,

Many of you who have been associated with this Laboratory remember the annual program teviews at
higher headquarters when the “show mie™ hoys would ask, “How 1 what you propose to do in you
research program gong o help the Air Forge doaty job” What's the payotf in termis of specitic action which
can be taken?” These sre good questions which requiied wsking but vare not alway s easy tu answer Jat tie
time, Now let us cover & lew years in retrospect and see if we can niow answer some al the “payott
acton” questions which were difficult to answer 2 few years ago,




In the middle fifties, Joe Ward, Bob Buttenberg, John Merck, and Frank Ford were pushing a
pragram of mathematical model development. The concepts were abstract and not of apparent relevance tn
problems which existed at the time in the management of the Air Force Personnel System. It was pointed
out that such models (o the extent that they simulated a personns! system, if only in part, might provide
informa 1 useful to personnel or manpower planners. There was some difference of opinion at the time as
to whether tne elfort represented something the Air Force should support or merely a "hobby shup™ to
fatisfy the interests of a few scientists. In any event, the research continued to receive the suppoit of those
in management who rceognized that instant usefuliess has not always been the best criterion by which to
judge a research project,

One of the intérests ot the time was (n the Markov chain and its application te pentonnel movement
fram one slale ot calegory to another. This resulted in the Personne!l Flow Mode! which appeared to have
real potential if one were abie to pet good estimates of the transitional probabilities of movement from one
state to others (1). At this point, it was clear that personnel records, though accurately reflecting the
current state of individuals, were deficient in a longitudinal respect. Therefore, it - as necessary to
immediately start a file on Air Force personnel which could be continuoudy updated so as to provide a
means by which transitional probabilities could be empitically determined. The usefulness of the mode! and
the dala file were first demonstrated in 1963, when a requirement was established by the Air Force 1o
project or forecast the characteristics of the officer force through the 1967 time perind, assuming, of
course, that conditions and pulicies of 1963 reinained stable. Based on only timited probability figures
accumulated since 1961, the model was used and the projections were furwarded 1o Headquarters USAF,
Followup studies indicated that the projections were very acceptable. It was then cvident that this model,
with some sefinement and improved data files, had great potential for providing information to personnel
planners.

The following year, late 1964, the Air Force was considering possible changes in the promotion
policies to hasten airman promotions within established grade ceilings. Information was needed on the flow
of airmen through the top six grades under current policies and projct<d into the future. “Project Top
Flow" was initiated in the Personnel Research Laboratory to meet this need. Employing the Personnel
Flow Model and an improved data base, the characteristics of the airman promotion force were projected
over the following five years. From these projections, it was found that the promotional situation would
improve under existing policies, and predictions were made as to when improvements would occur, As it
turned out, this information was a major input into the decision not to change then existing airman
promeotion policies.

The usefulness of the flow model has been established now as a powertul instrument for use in
personncl planning, and it has been used to accomplish » number of special studies for various Air Force
ag.ncies. Just recently the Air Farce hav established a r<quirement for 2 study of career medical officer
tetention, In the requirement, it was specifically requested that the flow model be used to provide a means
for understanding personnei input and outflow, as well as to permit a more empitical base than presently
exists for planning purposes.

An important “peel-off™ of this research has been the usefulness of the transitional probabilities
themselves, and the Laboratory has responded to many requests for special studies for the analysis of
retentior: rates, cross-training rates, retirement trends, and replacement rates for overscas areas. This
research has also pointed up the need for better longitudinal files on Air Force personnel, and the
characteristics of specifications for such files ate now being studied.

In the zarly fifties, there was much interest on the part of a number of people in the Personnel

Research Labaratory in the application of regression analysis to the solution of Auw Force personnel
problems, At the same time, there was a special interest in developing techniques for optimizing the
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assignment of Air Fosce personnel. Out of these two interesty grew two models: the “assignment model”
and the “policy- captuting model” (2; 3; 4; 5). The assignmeni made! requires a judgment & to how well an
individual with a set of known characteristics fity a job with a set of known requirements. Then given 2
group of people and a number of jobs, it is pussible to assign people to jobs s as 1z optimize the
usignments of the total group. The usefulness uf the model was Umited by the nuinber of judgineats
raquired in sny practicsl situation. This Wnitation led to te develupinent of the “policy~captuning model.”
This mode! is » special case of the regression model which, on a sampling basis, derives an equation which
closely spproximates the relative weights of variables used by a panel of judges in assigning people to jobs.
With the policy of the judges thus “captured” and programmed for the compuler, it appeasred feasible to
aufomate astignment procedures. The feasbility of automated assignments was tested last year, 1965, when
on an experirmental basis for a sizable sample of airmen, computer assignments were compared with the
traditiotial assignment proseduici. The reswis were encouraging and, afler some refinements, a further
series of tests was run last July and August when four groups of approximately 3,000 sirmen at Lackland
Air Force Base were computer- assigned to satisfy weekly requirements for technical schouls and direct
duty assignments. The weights used in the model were those obtained from a sample of 400 airmen actually
assigned by career counselors of the Personnel Processing Squadrun. The cumputer assignments were
checxed againgt actual assignments of the same airmeén by career counselors and reviewed by experts in the
Personnel Processing Squadron. The results were 30 encouraging that computer assignments have been
requested by the Personnel Processing Squadron and are being provided on a weekly basis as a majur input
into assignment procedures. | should mention here that the computer rssignments take into account the
preferences expressed by the alnmen for assignment weighted as the counstlors weight the pieferences,
which by the way, is quite heavy. The model has, of course, limitations in assigning special vases and for
special fields. Currently, the initial assignment procedures for airmen at Lacklund are being modified so as
tu take advantage of the computer assistance which can be provided by the assigament model.

The policy-<capturing model, which was originally developed 1o support or reduce the limitations of
the assignment model, has become a most useful too! in permitting 2 new look at some old problems in the
personnel and manpower fields.

In 1963, the Director of Manpower and Organization, Headquarters USAF, established a requirement
for a study of the officer grade structure of the Air Force. He pointed out that grade distributions
traditionally have been based on the judgments of operating officials, manpower officers, and the broad
guidance contained in the Alr Force manual which concerns manpower policles, procedures, and criteria,
He requested the assistance of the Personnel Research Laboratory in an analysis of grade requirements
based on actual job requirements. Dr. Raymond Christal and his gssociates, in considering various
approaches, decided that the policy~capturisig model would be an appropriate means of providing this new
look at officer grade distributions (6). To implement the necessary procedures, detailed descriptions of
3,575 actual Air Force officer jobs for every career utilization {ield were prepared. A board of 22 colonels,
chaired by s general officer, was assembled in Washington. The board's task was to assign to each job what
it considered to be an sppropriate grade. Not fewer than five board members independently rated cach job
with very high agreement. An equation was developed which reflected the policy of this board, predicting
its judgments with a validity of .92, This equation was then spplied 1o the assessment of some 130,000
officer jobLs in the Air Force and an appropriate grade distribution determined, based on the policy of the
criterion board. The Director of Manpowyr and Organization, Headquarters USAF, at the time stated ina
letter, “In this particular era of United States National Defense, this project in my upinion, is of fisst
importance.”

The mathematical models built, refined, and tested in the “hobby shops™ of the Laboratory during
the last ten years have had substantial payoffs in terms of providing inputs to decision makers for specific
actions. The payoffs or applications certainly were not apparent, nor could they be conceived of at the time
the research was initiated. One of my colleagues, a Texan, puts it Uus way. *In research, the situation for
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the scientist is much like that of drilling for oil. You don’t know whether you are four feet away from a
matlion dollars or a million feet away from four doliars, Only time will tell!”

In the late 1950's and early 1960's, considerable concern was expressed over the rather high incidence
of airmen discharged for unsuitability. The problem wa. felt to be particularly acute in certain areas, for
instance, the nuciear weapons and intelligence career fields. For some years before this time, Dr, Eli Fiyer
of the Personnel Research Laboratory had been carrying on research to identify vasriables predictive of
unsuitability discharges (7). He found, for example, that high school gradustes had much lower
unsuitability discharge rates than did nongraduates at all levels of aptitude. These findings were taken into
account in establishing airman enlistment standards. This research pointed up the need for further
information in areas which was not available in the records and which could be obtained reliably at a
reasonable cost. It was found that pre-service adjustment factors which were relevant to assignment to
high-risk jobs could be identified from infurmation supplied in pre-assignment self reports and from reports
by parents, teachers, and employers, Procedures for obtaining these reports were developed and the
feasibility of obtaining them on a systematic basis was established, A direct outgrowth of this effort is the
Assessment Branch of the Personnel Processing Squadron on Lackland Air Force Base. Lstablished in
January 1966, th:s organization scieens some 17,000 new recruits annually for assignment to sensitive
career areas, impiementing in a fully operational sense the procedures and techniques developed in the
Personnel Research Laboratory.

As an Air Force officer who has spent most of his career in the administration ur managemert of
some aspect of the Air Force psychological research program, I have been constantly kepi aware of the
need to demonstrate the usefulness or application of our research products to the solution of real Air Force
problems, While ] recognize the requirement for continuing critical reviews of programs, and appreciate the
need to place manpower and dollar resources in support of programs which have the greatest payoff for the
Air Force, I must confess that there have been times in the past when I have felt as if I, and indeed the
research program, had been placed on trial,

1 feel that it is a tribute to the courage, the dedication, and just plain hard work of those now in the
Laboratory and those of you who have been formetly associated with the Laboratory that the research

program of the Personne] Research Laboratory is no longer on trial. Its contributions are recognized; its

producis ar: in demand; the support provided by higher headquarters is strong. In this healthy atmosphere,
I lock forward to the next twenty-five years of even greater productivity and sincerely hope that you will
invite me to speak on the same subject on your Fiftieth Anniversary,
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THE CONCEPT OF A PERSONNEL SYSTEM

Launor F. Carter
Systerm Development Corporation

Introduction

t feel honored ta have been asked to participate in this
Twenty-fifth Anniversary Symposium on Personnel Research and
Systems Advancement. The continuous activities in personnel
research and operations of the Air Force Personncl Research
Laboratory - -r a period of twenty-five years is a great tribule to
the many people who have served so well at this important personne]
research center. As Chairman of the Psychology and Social Sciences
Panel of the Air Force Scientific Advisory Board, | have been asked
by Dr. Guy Stever, the Chairman of the Board, to express his and
the Board’s congratulations on the accomplishments of the
Personnel Research Laboratory over this long period of time and to
wish it continuing success in its endeavor to serve the Air Force,

It is patticularly appropriate that the preceding paper in this
symposium was given by Dr. John Flanagar, since it was he, more
than anyone else, whose great energy and devotion to the concepts
of personnel research and the operational application of research findings led to the very valuable
achievements of the World War Il Aviation Psychology Program and to the solid base on which the further
work of this laboratory was able to build. Although many of us who were associaled with 1hat carly
program have gone on to other activities in civilian life, [ am sure we all look back on the period of our
association in the Air Force Aviation Psychology Program as one of the most productive and useful periods

of our lives. We owe much to John Flanagan for having so vigorously and foresightfully led this truly

revolutionary application of psychological principles to problems in personnel management.

The committee organizing this symposium assigned me the title “The Concept of 3 Personnel
System.” In some ways this is a very fortunate title selection, since had I been left to my own devices, |
might well have chosen a much narrower and more limited topic. 1 wo.ld probably have only talked about
the possible application of advanced information processing in persunnel research and vperations, but these
topics are being well handled by other speakers of the symposium, and the broader topic of personnel
systems gives me the opportunity to range widely.

First, 1 would like to present some personal thoughts regarding problems of personnel managenment in
the military service. 1 do this with some trepidation, since | wish to examine some deeply held beliefs
regarding the proper philosophy of personnel management in the military services, I hope that as | do so
you will appreciate that | raise these questions unly because 1 believe that their consideration nd
evaluation would benefit the Air Force, both in terms of the efficiency of its operation and its ultimate
capability as a fighting force.

My second topic is more closely germane to the narrower conception of 3 personne! system. Here, |
will consider some implications of modern information handling technology for the management ol an
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individualized personnel system, My general thesis 1s that the new developments in information processing
technulogy allow personnel munagement to resolve one of the long-standing problems regarding the
centralization and decentralization of personnel management, and at last to make the benefits of both
possible through the efficient management of personnel information,

Finaily, 1 will tumn to an examination of problems in utilizing research and advanced development in
operating systems. I believe this problem to be of great general significance, not only in the personnel area,
but throughout the military reséarch and development establishment, as well as in industiial and university
institutions.

Some General Considerations Regarding Personnel Management in
the Military Services

In the last decade we have seen more and more emphasis on rationalizing management systems. This
applies to weapon systems, to industrial organizations, to personnel systems, or, indeed, to any large
organization. We arc all familiar with the emphusis on system analysis, cost effectivencss, programs-plans
and budgets, and the alleged decision making by computer. As individuals we would like to believe that we
hehave sensibly and that our decisions are made in the light of rational considerations, 1 want to suggest
that in the military, and particularly in the military personnel system, because of complex competing fores
many actions are required which appezr at the individual Jevel to be based on relatively irrational grounds.
At least these actions often appear to be less than optimal when viewed from the point of view of the
individual involved or even from the point of view of u given set of major objectives. 1 would contend that
in the management of military personnel there are unusual factors which determine that the management of
the personnel system cannot be completely rational, ! refer to a number of imposed constraints which seem
10 be more prevalent in military personne!l management than they are in many other situations, Most of us
in small organizations try (o vperate our personnel system witk:n relatively well-understood procedures.
Since we are in organizations where there is considerable individual control over the practices of the
organizations, it often appears that our personnel practices are relatively well thought out and executed, On
the other hand, in a military personnei system there are competing forces such as the various laws which
govern the way in which military personnol must be treated with regard v pay, zromotion, retirement, and

“utilization; likewise, there are m: - organized groups which bring pressure directly on the military
personnel management system and indirectly through Congress and other governing organizations. In
addition to these factors, there are the shifting role requirements for military personnel, During most of
their military careers, military personnel aze engaged in activities directed toward training and managing the
military establishment, but not in active fighting: and yet for certain periods during the last half century,
many military men have been called upon to engage in actual fighting, This crestes a very difficult
personnel management situation if for no other reason than the relative age distribution of the personnel
involved,

We are all familiar with the distortions that took place in the distribution in various grades and ages of
military personnel as a result of the integration of large numbers of officers immediately following World
War II. These humps in age result in a grade distribution that becomes distorted, and the ability of vfficers
in various ranks and age categories no longer fit the requirements of the various organizational jobs within
the Air Force. This situation is about to repeat itself again because of the very radical age distribution
change that js taking place within the American population. In a penetrating analysis of this problem, Peter
Drucker (1) has recently said, “We face in this country one of the most dramatic shifts in age structure of
the population any country has ever gone through. The age group that is now moving into the 20- to
25-year bracket is about 60 per cent larger than the age group just ahead of it, which is about the biggest
jump in sny five-year group we have ever gone through. In the meantime the people in the 35- to §5-year
group will get fewer, not only in total percentages of the work force and population, but in actual numbers.
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For the next fifteen years we will have fewer people of what most of us consider the prime-of-life than we
have today, Or to put it statistically, within a year or two, maybe three, one-half of the American
population will be under 25 years of age. About 29 is the azerage teday, and a four-year drop in three years
is shnost unheard of. By the mid-seventies at least two-thirds and perhaps three-quarters of the American
population will be under 35. This is the youngest we hgve been since Andiew Jackson and, at the same
time, let me say this is probably the most relevant thing a personnel man can know about the next ten
years.” Factors such as this will have 2 more profound influence on military personnel management than
they will on clvilian personnel management because of the relatively inflexible laws and regulations which
govern basic militsty pertonne! policies.

Another factor which inakes military persotinel management extsemiely difficult is thut the military is
expected to play many national roles in ils mansgement of personnel. If the single problem facing the
military personnel manager were the creation of a highly effective fighting force, he would certainly have an
casier probleni than he has when he is expected also 10 serve the role of one of the major educational
institutions in the country. Recently Mr. Mc¢Namara, in announcing the program to induct 100,000
Category IV men,* stated that this  .ion was taken as a service to the nation. to be accomplished by
training underprivileged persons so that they could assume a more productive rale on the national scene.
While this goal is undoubledly laudatory from a broad national point of view, from the narrower
perspective of the military personne manager, this decision clearly complicates his management problems,
As was well demonstrated in some ¢, the Army's Fighter Studies, with which § was associated. the bettes
men, both from the point of view of their fighting ability and from the point of view of their ease of
managemeni, are those with higher degrees of education, inteligence, and personal adjustient. The
induction of Category IV personnel runs counter to the choice that would be made from a purely military
point of view and the efficient operation of the military personnel manpower pool. The main point of the
above is to emphasize that the problems facing the military personnel manager tend to be inore difficult
than those of his counterpart in the civilian economy, and that criticism of his management is often less
than justified when these additional constraints are taken into consideration.

1 would like to turn next to some basic assumptions regurding the proper role and management of
military personnel, In many ways, | hesitate to even discuss this subject, since ] am sure most of you will
disagree with the comments | am about to make. Yet, 1 believe tiwir consideration is fundamental to the

~optimurn rationalization_of military personnel management.-Evesr though current practices are based on

long tradition and acceptance by most of those in the military service, | believe it would be useful to
re.examine from time 10 time some of the most fundamentally held ideas regarding the proper role of
military personnel. I do not suggest that these comments afford answers to the questions | will raise, but
rather | would like to open up a dialogue regarding these subjects and 1.0 suggest that they be made subject

to serious study and system analysis in an effort to improve the overall quality and ability of the Air Force
as a fighting service,

The first concept which 1 would like to consider is the conczpt of the fungibility of military officers,
I was first iniroduced to the concepl of the fungibility of military personnel in 1941 when, as a civilian, |
was employed by the Army’s Adjutant Genesal's office in the development of selection procedures. The
underlying idea of fungibility is that a military officer is able to fill any role which is appropriate 10 an
officer in the military service. The dictionary defines fungibility as “the designation of goods, as grain, any
unit or part of which can replace anuther unit, as in discharging a debt; capable of being used in place of

* Category IV inductees are those who have scored at low aptitude levels on the Amed |otoes Qualify ing
Test and/or have limited phyrical inadequacies,
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another.” As | have indicated, in 1941 the Army held as a fundamental tenet that any officer was fungible
in that he could take on the role of any other officer, By and large, this concept has been becoming more
and more untenable as the functions of officers in the Air Force, and in the Army, too, become more
technical, 1t is obvious that » nonerated offices cannot take over the role ot a pilot, but it is generally
assumed that a pilot can take over almost any other role if he has had a small amount of training. I would
srgue that, as the various jobs being performad in the military become more and moie specialized and
technical, the concept of fungibility becomes more of an inhibiting philosophy than it does one which is
useful as a personne! management concept,

Some will argue that this concept is no longet really followed in the military service, and yet 1 believe
: that it s, in fact, one of the fundamental concepts underlying much military personnel managsment. Just
3 B before his retirement, | was discussing this matter with General Schriever.® We were discussing the fact that
! a number of officer billets in the various Systems Command divisions were seriously undermanned and that
officers who had «pent many yeurs in vhe Systeas Conunaind were being drained suav 1o (i« Vigtnamese
effort. They were being used in ways which did not take advantage of their long experience in the Systems
Command divisions and, for some, an extensive and expensive education in preparation for roles in system
management and development. While General Schriever regretted the depleted manning of his divisions, he,
went on to argue that this was really appropriate since an officer always had to be prepared to join any
active engagement and although the education and training of these officers was not being used in Vietnam,
they had a fundamental obligation to fill their fighting role as a part of the military. One might find this
argument more acceptable if, in fact, many of the officers lcaving the Systems Command were still on
active flying status and could be used as combat pilots; but | suspect that, in fact, most of them are leaving
the Systems Comunand to fill billets where they will not be used in an active fighting capacity but, rather, in
connection with the many support activities that must be uprertaken in a military situation. | would raise
the question as to whether or not it would have been better Lo recognize the highly specialized nature of
the jobs being filled in the Systems Command and also the specialized nature of the jobs that would be
required in the case of an operation such as that in Vietnam and to have planned the military careers of
each individual officer in terms of the relatively specific requirements in these two different types of
situations. This is a particularly difficult point to argue at a Lume when we are engaged in such an extensive
military operatior, and yet 1 feel it is during such periods that it is mast profitable to examine the actual
performance of personnel who have been brought up in a period where for the last twenty yeers there have
previously been only about two years of actua! military engagement. In other words, I am suggesting that
r'* “=— ~ 7=~ —there should now be an intensive personnel rescarch effort to assess the ability of personnel who have been
matured under a concept of fungibility and peacetime military management. Such an assessment should
focus on the extent to which the personnel involved in active conflict are, indeed, able to shift from one
type of military role to a different one as demanded by wartime openations. 1
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The second major assumption [ think should be examined is the general assumption that every : i
member of the military is fundamentally a fighting man, Almos: without exception when | have discussed
such matters with senior military personnel, | have found them saying that every member of the military
must be prepared to engsge in active combat and that this is his fundamental duty. In some broad moral
sense | do not disagree with this position, but as a practical matter, it does not seem to me to be an
assumption which leads to effective management of a fighting organization. Studies have repeatedly shown
that a relatively small number, not more than 5 or 10 per cent, of military personnel ever become involved
in actual combat. 1t seems to me that this fact should be recognized and that personnel management !
concepls should be fashioned around the inevitable fact that most military personnel will be involved in y

* General Bernard Schriever, then Commander of Air Force Systems Command.
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duties which ate in support of the actual combas fighter. | should immediately make it clear that | am not
suggesting that the role of the militaty man as a fighter should be downgraded, Indecd, If anything, 1 think
it should be upgraded and that very special treatment and special rewards thould go o those who actuatly
engage in true combat operations; but, at the same time, 1 would like to suggest that the military
ianagement of the Y0 to 95 per cent of military personnel who will not engage in combat should be based
on diffcrent assumptions and practices than spply to the small proportion who do, In fact. engage in
combai. Again, | would suggest that during a time of conflict, the perfurmance of non-conibat peronnel
should bo actively asiessed and question should be raised as to whether their past training and job
assignment have been such as to fit them for the duties which must be filled in the support of combat.
Baszd on such studies the manpower, training. and sxiignincns policies of the military service should be
modified to optimize the effectivencss of the service during petiods of combat.

Nex{, | would like to turn to the difficult subject of the proper relationship and management of
civilian personne) working in the military establishment, an area which includes the interaction betwoen
their management and the management of military personnel. One of my fundamental assumptions ia that
most people working in an organization aspire fo sdvance their status, either through pay or promotion,
and would like to have the opportunity to rise from an entering position into the highest positions within®
the organization. It seems to me that the management policies for the civilian component of the military
establishment confront the civilian employee with the inevitable fact thut he cannot rise to a high
decision-making level within the military institution. As 3n extreme example, one can examine the air staff
at Hesdquarters USAF and observe that there is no civilian who has ever been a deputy chief of staff or has
held the senior position as comptroller or judge advocate or any of the other major staff positions. Indeed,
as one goes through the headquartess organization, one can find very few civilians who are heads of
directorates, divisions, or even branches, At times & civilian will be found who is ausistant to the head of »
major organization, but by long tradition the civilian is denied an opportunity to reach the top. I would
azgue that this same phenomena can be observed in almost al) major command headquarters, as well as
echelons below major commands. In other words, the civiliay who aspires to a career in the military
establishment must decide that he will be content with a relatively limited career progression and that even
though he rises to the top of the civilian progression he will always have a rilitary officer as his immediate
superior.

I have always been struck by the spparent paradox that at the very top of the mililary establishment
is the civilian secretary and his associates. This small group of civilians accords with our long tradition of
sasuring- the ultimate “civilian policy-setting and control under our constitutional forms. Immedistely
underneath this top echelon of select civilisns, however, one finds & complete military group, and this
military group spreads down the chain of command and senior positions through & number of layers before
any significant number of civilians appear in responsible positions.

It can be argued that the military establishment is primarily for military operations and that military
personnel should be responaible for those opsrations which are directed toward combat operations. It will
further be argued thet in a military setting the military man should have the highest desras of career
possibilities available to him, that is to ssy, to rise from the lowest ranks to the potition of =3 ef of staff.
My batic problem is not in disagreement with this point in view. Indeed, ! believe that the riulitary man
should be able to look forward to s career in which progression to the highest level is possible; but, at the
same time, I believe the civilian thould be able to look toward s carcer in the military establishment which
also allows him to progress to the highest level, except for those operations which are pasticularly
associsted with military operations leading towsrd combat, that is to say, the chiei of stafl and the
deputy chief of stafl for operations and training and for plans and programs. It is not immediately upparent
why the deputy chief of staff for personnel os the comptrolier or the deputy chief of staff for research and
d.veiopment could not be a civilian, providing he had cleasly outstanding qualifications. Lest my argument
be misunderstood, 1 should state that my concern for the career pattern of the civilian is not because of any
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particutar preference for the civiblan over the military officer but, rather, because of riy beliet that by the
present strict limitations on civilan career opportunities, the better civilian personnel are almost forced to
feave the nilitary establishment In fulflltment of thelr carcer aspirations. If an able civilian enters the
mititary setvice, he soon findv that his direction and career progression is circumacribed and that he wili
have difficully in achieving u high level of authority and responsibility, Thus, in his own self-inferests he
tende to leave the service. This is a serious luss o the mititary establishiment and tesults in less than
vpiimum performance from clvilian personnel, Parenthetically, 1 should say that there are some dedicated
civitians who, because of their patriotism and general sympathy with the military organization, prefes to
Moy with the aulitary service at considerable sacrifice to themselves, but the number of such people is
Hinited, and no organization should want to base the quality of its personnct on such a degree of devation,
In self-titerest the military establishment should want o make it pussible for the civilian 1o progress, as
welh as fot the military 1o progress,

3ome of you will 1ecognize that the above discustion is consistent with positions | have taken for
some time. In 1960 the Air Force Scientific Advisory Board formed a Comnittee on In-house Laboratoties,
of which | was a member, and, indeed, the establishment of the Alr Force Systems Command Research and
Technology bivision was suggesicd in that icport. We argued that in the limited grea invulving tesearch
laboratories it was important 1o give the civilian engineer ur scientist an opportunity to rise to the head ot
not only his laborstory but to the head of the research and advanced technology organization, This
suggestion has been partially followed under General Demler's direction, and thete is now one civitian who
is head of an R&D laboratory, although it should be noted that even he rose in responsibility as a military
officer. That attracting personnel is still a serious problem was emphasized recently by General Demler (n
“Missile/Space Dally™ (September 29, 1966, p. 136),

“SYSTEMS COMMAND WAGES CAMPAIGN
TO RECRUIT MORE SCIENTISTS AND ENGINEERS

“That the Air Force is bent un furing more wientific snd engincering takent into its ranks, either as
miblary or civillan personnel, is quite evident from remarks by Maj.Gen. Martin ¢, Demter, Commander of
the Rescarch anu Tevhnolugy Division of Als Foree Systems Command.

“Speaking hefore » Joint Enginecring Management Conference in Washington, D,C,, this week, Demiber
- — _talked about service-wide efforts-that coliectively., invidentally, amount to a fullscake canpaign-to make the
AirForce as attractive and worthw hile an employer 25 industry, if not more s....

“Various strategics have 8 common objective=to woure for the Alr Force its share of the wientiflc ami
engincering crop s it becomes avallable and then to cistire that this force as 3 whole stays at the front of
tedhnologica! sdvancement.

“Systems Command alove has more than 10,000 wicntists and engincen wsigned today, nearly hadl of
them with the Rescarch and Technology Division, but as Demler pointcd out, the present shortage of
technically trained young people is such thut there are not enough of them to replace yestesday's leaders, bet
alone today's"”

While young scientists tend to be devoted to the laboratory bench, many of them, as they grow
older, become involved at an introductory level in administration and policy direction; as such, they need
the vpportunity to be able to rise 1o a high level of responsibility or they will seek this opportunity outside
of the military service. The pointing to » few exceptions is not s sufficient answer to counter the fact that
many able people have left the laboratories and then have risen to pusitions of significant importance in
industrial organizations. Again, 1 would sey that as a matter of self-interest the military establishment
should see to it that the career opportunities for civilians are equal to those for the military.
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e investigated carefuily, Tt i¢ not enough that they be debated In a conferente o investigated by a
comumittee, Rather, system analysis and persuninel research experts should devote theis lime to investigating
these questions. Such investigation should be sponsared ot the highest lovel in the Air Foree o that the
investigators ¢ be assured of the ability ui making thorough, comprchensive investigations and also he
assured that their resubts will have the attention of poliey-niake s at the highest tevel,

Some Implications of Information Hindling for Individuatizing
Pemunnal Action

One of the serlous problems in large vrganizations is the antithesis between ventralized palivy -setting
and mapagement on the one hand, and op the other hand, the dectnbialization of individual sethons,
Alitiough the desire 10 decentrdlide persnel stion is olten advocated, it is extrensely difficult to do w
unjcss there are easy and rapid communication ¢hannels hetween the pulicy and management echelony and
the actionetaking echelons. Because these communication channels are so Trequently bluched vf are
unavailable, there is a tendeney for the level of approval to creep upward to higher echelons with a loss od
flexibility and adjustment to individual needs. 1 helieve that the advent of mudern infurmation processing
hias made it posdhle to achieve a level of both centralication and decentralization. which wac not possibic
previously,

1 would like to introduce this subject by telling a true story involving the lite Walter Van Dyke
Bingham. D, Bingham was one of the carly pyycholugists who served in Wourld War 1 and helped develup
the old Army Alpha and Beta tests, In Wosld War TF, D1, Bingham was called back to the Adjutant General's
Office as the civel civilian advisor un selection and classification. Many aof us young felluws (ented o took
on Dr. Bingham as a sumewhat clderly gentteman who, while undoubtedly wise in the Jore of testing, was
nut really quite up on the latest techniques. In thuse days, Eleansr Roosevelt wrote a newspaper column
calied "My Day.” Early in World War 11, she publisid a column in which she talked shout the poot
practices ol the Army in assigning and classifying its personnel. She cited the case of 4 brilliant young
lawyer with whom she was acquainted, who hud been inducted and. according to her, completely
misassigned into a machinists' training organization fur which she said he was totally unfit. In a retmed
way, she took the Army to task for its bud performance in assigiing personnel. thin urtwle greatly
distressed D, Bingham, and he felt that Mrs, Roosevelt was uninformed regarding the work of the Adjutant
Ceneral's Office, und particularly the Persunnel Research Section. Because Dr. Bingham had s mauy
acquaintances from his World War | days, he was able to call on Frances Perkins, who at that time was
Secretary of Labor, and suggest to her that Mrs, Roosevelt might like tu know more about Aty pensonned
practices, Mis, Perkins assured Dr. Binghamy that Mrs, Roosevelt certainly would, and she acted as un
intermediary to invite Mrs. Rovsevelt to the Adjutam General's Office. 1 remember one day when Mrs,
Roosevelt arrived, and Dr, Bingham eworted her into our temporary building and explained what we were
doing and the efforts being made to develop tests and procedures tu sssure the proper assignment and
utilization of personnel. Generals hovered about, and Dr, Bingham was ut liis gentlenianly best, A few dayvs
later Mrs. Rousevelt wrote another “My Day’ column, in which she prabed the Army and talked about the
excellent efforts being led by Dr. Binghum and his psychologists. Now, either fortunately or unfortunately,
both of her atticles, in my opinion, hud a considerable degree of truth 1o them While we paycholugets were
trying very huatd to devise sound classification methods, the Army also had quotas for many different kinds
of assignments and training schools. These assignmients had to be made in accordance with schedules, and
since induction stations were scattered throughout the country and training was likewise wattered many
places, the hest cach tocal assignment officer could do was to Tulflll the asignment he hat at a patticular
time. As a resull many inductees were malassigned. Today this s no longer fecesar  <vauw we have
abundant, high-speed communication and the possibility of tranunitting miormal La through netted
compuler-based personnel systems.
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The Air Fotce should take great pride in its leadership in the development of a computer-based
military personnel system. Within the last few years, at Randolph AFH there hav been established the
Militaty Personnel Center, where the tecords are kept in digrtal form and handled through computer-based
systems. | believe this is such an impottunt development that its nature should not go unnoticed at this
conference, and thetefore | take the libetty of describing the Personnel Data System operated by the
Military Personnel Center’

Personnel vperations are canducted by three levels of the Air Force, These are USAF Headquarters,
the majur commande, of which theee are 20, and the consoliduted base personnel offices, which ate located
at sevme 270 bases troughout the world,

The Headquarters persunnel operation is divided geugraphically and functionally into two groups.
The Military Peronnel Center (MPC), Randolph AFH, is responsible for the design and maintenance of the
Personnel Data System and for fulfilling the persunnel functions of asrignments, promotions, separations,
and retisements ot officers and E-8 and E-9 enlisted personnel.

At the Pentagon the personnel functions of planning, budgeting, and predicting fur Air Force.wide
personnel resources are cartied out. The Ditectorate of Personnel Planning is the principal user of Air Force
personnel management information and is also the focal point for analyzing such information for use by Alr
Force and DoD agencles. The Assiatant for Personnel Systems and his staff comprise the responsible agency
in the Headquueters for lung-range personnel system requirements and planning, and significantly augment
the capability of the Headquaiters in conducting analytic studies,

An office known as the Management Information Office is established at most major commands and
is the fiterface point between the Persunnel Data Systern and the functional area users. The Majugement
Information Office is responsible for maintenance, processing, distribution, and analysis of data contained
in the Personnel Data System for Officers and the Interim Pessonnel Data System for Airmen.

The personne} organization at the base level is standard throughout the Air Force, with the manning
level at the Consolidated Base Personnel OfTice varying with the number of base personnel being serviced. It
is responsible for insintenance, processing, and distribution of data in the personnel system. It also provides
the interfuce between the Personnel Data System for officer and airmen personnel operations.

The tradition.! sepatation of military personnel functions has been reflected in the creation of
two-part sutomated data system, the Personnel Dats Systens for Officers (PDSO) and the Personnel Data
System for Airmen (PDSA). These systems receive data from the Military Personnel Center, the major
commands, and the Consolidated Base Persunnel Offices, the majorily of dats being introduced at the base
level. The users of persunnel data sre also located st these three echelons and receive products from the
system for use in sccomplishing their management and personnel operations tasks, Almost the only use of
personne) data by Air Force agencies in the Pentagon is for management purposes; at the other levels more
use of the data is made for operctional than for mansgement purposes; but both are necessary.

The present officer personnel date system evolved from & model implemented in 1963, This
prototype provided the operational experience and preliminary dats base neceuary for implementing an
improved model. The present system uses computer processing at the Military Personnel Center and the

* Further inlurmation concerning the Personnel Data Sysiem is contained in the prenentation by Captain
George H. Walther un *TimesSharing.*
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major commands and punched-card squipmaent st the bases. At ¢ach echelon a different kind of comipute;
capability is used for personne! data proceasing. The Military Paisoinel Ceatss hai o suone lode-sconied
Burroughs 5500 computer complex which currently includes eight tape drives, 25 disc files, J card reader, s
high-speed printer, and six modules of memory, each of which contains 4096 “words,” Ten o, the major
commands have Honeywell 800.200 computer systems, while Alr Force Logistics Command uses an [BM
7080, The remaining nine major commands are crom-serviced by other major commands with Honeywell
computers. The bases have an even greater diversity of equipment which includes punched-card accounting
machines, [BM 870%, 14013, 14108, and Burroughs 263s.

The Personnel Data System for Officers was designed and implemented 1o process personnel dats on
some 135,000 Alr Force officers, Some of the characteristics of the system are:

A larger datas base with standardized dats elements,

Use of dise files af the MPC,

A remote inquicy capability at the MPC,

Standardized computer programs for processing data within and between echelons,
Standardired computer programs for inquiry purposes.

Standardized procedures for processing data.

Standardized hardware at the Major Commands.

Due to the limited capability of the bases, the data for the system have been specified in terms of
80-column cards. The Uniform Officer Record includes ten basic cards and, in addition, the system requires
six transsction cards and eight types of miscellaneous cards,

The information in the data base falls into the follnwing three groups.

Uniterm OHlger Recnrd

Intarmetion Transuction Infermation Mizcalloneous Infermation

Steength Data PDS Avaifabiluy Dara Grade Spread Summary
Otganizational Pata Accession/levy/Allocation NamesService No. Change
Service Data
Assigrunient Data Reassignment Request MAC Adideun
Availability Data Projected Promotion Personnel Accounting Symbol
Education Data Prcjected Separation MPC Local Data Series

- Dependent Datn Projecsed Integration MAC tocat Data
Actanautical Data CHPO Local Data
Rated Qualificstion Data CHRPO Suspense Daga

Rated Histoty Data
Previous Duty Data
Current/Previous Duty Title

>

main purpose of PDSO is to assist the functional managers at the Pentagon, the Military
Personuei Center, the major commands, and the bases in carrying out their specific missions. Included in
these functional areas are officer assignments, retirements, promotions. separations, and, to a limited
degree, personnel analyses. In addition, such items as the monitoring of flying status, regular appointments,
and selection for in-service schools are considered part of the personnel missions. In general, the system has
been designed to bring about improvements in (1) availability of timely, accurate, and compatible data, (2)
assignment actions. (3) personnel accounting, (4) notification of individual moves, (5) the selection process,
and (6) subility in the personnel force, so that the most suitable men for the available jobs may be sclscted
at minimal cost.
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The personnel data system described ahove is a very important step forward in e expeditious and
efficient handling of individuals within general management policies, but there are other developments
which promise te make such systems even more uceful in the assignment and career management aspecis of
personnst actions. Recently at System Development Corporation, we have beerr working on an automated
counseling system. While this work has been oriented toward the pubiic schoul situation, it is easy to sce
thin it could be easily adapted to the military counseling and assignment environment.

In analyzing the advisory and counscling behaviors of people engaged in these functions in public
schoaols, it has heen shown that a major portion of their time is spent in processing routine infurmation and
in giving out repetitive information. Research financed with the assistance of the U. S, Office of Education
has led to the uevelopment of a computer-based counseling system that will, anmtong other things, conduct
an autamated counselitig intérview. The University of Oregan and the Palo Alto School District cooperated
with SDC in the initia! research. A program was developed to record the pre-interview hehavior and
interview interactions of an experienced high school counselor with a number of ninth grade students,
Analysis of the recordings indicated that between 70 and Y0 per cent of the counselor's behavior could be
automatically hundled. A model of the counselor’s decision rules, both in appraising a student’s records and
his behavior in the ) (terview, were defined for simulation on a computer,

Two programs were written: cne to review the student’s record and provide the counselor with an
appraisal automatically, and another to conduct an sutomated interview with the student. The automared
portion of the interview system operates as follows:

The student sits at s computer-linked teletype and receives a logically developed sequence of
interview questions. For example, after a number of interactions, the computer may print the following
question or. the student’s teletype: DO YOU PLAN TO CONTINUE YOUR FORMAL EDUCATION
BEYOND HIGH SCHOOL? If the student types “NO,” the next question he will receive on this typewriter
might be: WHICH OF THESE IS MOST LIKE WHAT YOU PLAN ON DOING AFTER HIGH SCHOOL.:
(1) JOIN A MILITARY SERVICE; (2) GO THROUGH VOCATIONAL JOO TRAINING: (3) ENTER AN
APPRENTICESHIP; (4) GET A JOB. (5) DECIDE LATER. Afier the student selects one of the aternatives
the computer then asks an appropriaie question to continue high school schedule planning,

The selection of each question depends both on the student’s previous answers and on the
information about him that hus been previously stored in the machine. After 2 number of questions and
answers, the interview will terminate in a schedule of suggested courses that is uniquely tr red to that
student, Thus, :.udents will be aided in selecting their subjects by ansvering a series of yuestions presented
by the computer. This system should ielieve the counselor of much routine work and at the same time be
sufficiently sensitive to extraordinary responses so that the student needing expert help will be directed to
the counselor for individual attention.

To help the counselor in preparation for either an sutomated or live interview, programs have been
written which use the same rules as an experienced counselor in analyzing the informatinn in the student’s
cemalative folder. This program was designed to simulate a specific counselor who was asked to “think
aioud” as he analyzed twenty student cumulative folders prior tu counseling interviews. Analysis showed
that most of the pre-interview logic, as well as the interview itself, is specifisble and capable of being
programmed. The pre-interview progret accepts data similar to that which is normally found in the
cumulagive folder, such as grades, aptitude test scores, and biographical infurmation. By making varicus
compansons of these data, the program prints messages for the counselur which ars unique for each
student, Messages regarding different students might be.
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). Student’s grades Lave gone down quite a bit. Ask ahout this in interview, Possibly there are
personul probiems,

2. This student should be waiched closely, He will probably need remedial courses.

3. Studem is a putential dropout.

!, Should be headed for college. Encourage student to explore widely in academic areas,

S, Low counseling priority. No problems apparent.

6. Student should improve verbal skills. If not, student may not be able to attain desired academic
goals.

In continuing the application of information processing technology in vocational counseling under
field conditions, our study team is now in the process of conducting an extensive survey of vocational
education instaltations, including state employment agencies and private and municipal vocational guidance
projects, When the survey is completed, a sample field site will be selected for a detailed analysis of
counseiing procedures. and then a computér-based man-machine counseling system will be developed by a
team that will include the counselors at the selected field site,

Tie computer-bused system will have a data base containing student information, with an
input-output system for updating and retrieving information. Computer programs in the system will provide
appraisals of student data, interviewing procedures, tracking of student performance, and ideatification of
students who are experiencing difficutty (2).

The possibilities of adapting such an automated counseling and assignment program to the military
establishment has been enhanced by recent advances in computer time-sharing sysiems and computer
networking technology. it is only within the last two years that there have been large practical time=sharing
systems, and even now the experience with time-shared computer networks is not as extensive as would be
desired. Nevertheless, the technical capability is clearly cxistent for an Air Force-wide applicaticn of the
kind of program we are working on for the school systems. It should be possible for a military counsclor to
sit at a console at Lackland, or at Travis, or at Westover, or at any other appropriate base and be able to
query the data base at Randolph, either at the Military Personnel Center or at the Headquarters Air
Training Command regarding possible assignm- nts for a counsclee.* For some ten years now, the air
defense network has been based on computer-t.-computer communicatjons, with data received at remote
radars being transmitied through digital lines to o 'ral computer, being processed, reported to a higher
echelon at the division, and from there reported © v 1AD headquarters. Since it is technically possible to
arhieve this sort of courdination for air defense, w sl uld ve.tuinly be both possible .md demmhle to do the
same for the Air Force's most important resourve, its personnel.

The Problem of Utiliz ing Personnel Research and Developments

There is a growing concern regarding the urganizational and operational practices which will result in
better throughput from esearch to development to use. President Johnson has recently asked Secretary
Gurdner (Health, Education, and Welfare) to examine the activities of the National Institutes of Health to
see il there are adequate efforts to bring their rescarch programs to fruition in medical practice. Similar
coneern is exprossed regarding physical science programs.

' such quenes sere made duning the Symposaurs frem the pectng place and priog 1o the Syaposium
from Lackland AF R, Hoth the MPC data and the d i Jocated ae SDU were quer !
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Far some time § have been studying this problem as it relates to the hehavioral sciences, and recently
the Juint Economic Commuttee of Congress reprinted one of my studies in this area (3). While there is
concern regarding throughput prablems in hardware engineering, there should be double concern in soctal
and behavioral engineering, Developments in the physical sciences uare resisted becuuse of expense,
reliability, and technical compatibility factors, and also because of uscr resistance springing from habit and
the threat of distuption, In trying to engineer changes in the behavioral and social area, the difficultics of
innovation and resistance are much greater-and rightly so. Significant changes in such aregs as education.
personnmel practices, and work organization are met with resistance for two major reasons. First, such
changes intimaltely affect thic lives of individuals, and most of us are very cautious in accepting some new
way which may disrupt our usual life patterns, The second reason is related to the first: namely, that for
many social and behavioral changes it is somewhuat uncertain as to exactly what effect the proposed change
will have. 1t is difficult 1o build the first experimental prototype to see if it will work in the population at
large.

Thus, those of us in the behavioral and social sciences have a greater problem and corresponding
responsibility to sce that our research and advanced developments are, indeed, exploited in arcual practice.
In examining a number of studies | have concluded that the following points need to be obsceved in helping
achieve a proper transition from research to development to use.

1. We have begun to realize the special importance of the innovator and leader in transitioning from
rescarch to application. There are many successful research people who develop theories and demonstrate
their validity, but then do not carry their application forward. In these instances the fruitfulness and utility
of the idea become lost until some person picks it up later in connection with some new project.

2. The organization which is willing to try something new mus* be supported by a climate of
encouragement and reasonable permissiveness which is set at the top. This climate must make it possible for
staff to challenge existing practices and must reward those who are willing to try innovation as an
instrument of improvement.

3. In large organizations, there are frequently procedural and organizational difficulties relative to the
transition from research to development and to application. Often these functions are assigned to different
major divisions of an organization on the theory that ideas developed in research will be picked up by a
different group of people who will transform these ideas into an advanced development that will in turn be
applied in some other part of the organization. It appears that considerable management and organizational
flexibility is required, along with much crossing of organizational lines and management hierarchy, to carry
forth successful developments.

4. Similarly, with respect to funding, large organization., and particularly the Government, are
constrained to develop budgets and administer funds under fairly rigorous financial procedures. However,
this tends to inhibit the needed flexibility for developmert of new research. Studies indicate that the funds
used for various research and development activities often did not come from the logically expected
budgetary category. Rather, the leaders of new developments tend to find their funds wherever they can
and to have little regard for formal funding authority. While (0" is disruptive of both management
responsibility and neat accounting practices, it may well be o1,¢ of the prices to be paid for effective
research and development activities,

S. Another area critical to the application of new knowledge has to do with communication. From
the evidence we have it would appear that the formal publication of new findings does not by any means
assure that the results will be expeditiously transla<ed into a useful development. Rather the indications are
that informal communication is by all odds the inost important method or technique for transmitting ideas
from one environment into a different one.

16

P T, sl ol oA AN+ 4. Wttt et il | mhnnmm.ﬂww 'Y “ o

are

-

—e o

i » el B s N



A o e nnl Sttt o e I S

6. Perhaps more important, however, is the requirement that innovations must be given credible
J2monstrations in the sense that they must be demonstrations in the ordinary opeérational setting, carried
oul by regular personnel and not by specialists who come into the operational situation and then leave.

1t is generally acknowledged that the Bell Telephone Laboratories art among the miost successful
laburslories in industry with respect 1o both badic résearch and in helping the Bell system with its technical
communications problems. Jack Motion (4) has ably deswribed their operational and organizational
philowophy in an article titled “From Research to Technology.” This article is replete with insights
regarding industrial research management, I believe his most important points were:

t. First, each scientist and engineer must have some clear goals which are rclated to the organization’s
goals, Morton says, “A major corporate goal came down 1o a narrow area of relevant science, | have told
this story to show the importance of tight integration in the system: Everybody must know what the
overall goal is, so that within each man’s area he can look for those solutions which are most relevant to the
goal....But what is required? Take the rubber products engineer, What is the first thing he must know? He
must know what the president of his company thinks is important: What are the goals? And why? And
what does the vice president think is important, and so on down the line. Until he knows, he is in no
position {o choose which thing, from a range of things, he should do. This is the way » build a machine-an
organization-which will allow information to flow and individual judgments to be i.12de. The man must
know, whatever his level, what the important goals are. And he must know not only that the boss said it
was so, but why.” It is the responsibility of management to set goals-goals which are neither so general as
to be platitudinous nor so specific as to stifl: initiative.

2. Physical space and organizational space are important determiners of the effectiveness of research
throughput. If the research organization is both geographically and organizationally isolated from the using
organization, throughput is very difficult. But it is also unwise to be two close. If there is a geographic
separation there should be an organizational tie, and if there is organizational separation there should be a
geographic tic. Morton says, “When we studied our machine as a system, one thing we began to understand
was that it was bad to have both an organizational barrier and a space barrier between development and
manufacturing. Together, these barriers make communication too difficult, and one has problems in
transfersing new scientific developments into new technology. So we built a space bond between the
laboratory and manufacturing: We actually moved our development-and-design-for-manufacture group~a
Bell Labs group—into a laboratory on the Western premises, Organizationally, they belong to the laboratory,
But physically, they are linked to Western. And now we know we should never have a space barrier and an
organizational barrier on top of one another. We use organizational and spatial links in complementary
relations—-wherever we have a space barrier we also have an organizational bond, and vice versa. This gives us
an integrated design,

3. There must be an organization concerned with relating goals, research, development, and use. It is
not enough that goals be clearly stated or that there be physical and osganizational closeness. There must be
a separate entity concerned with seeing that throughput occurs, In the Bell Telephone Laboratories there is
a special system engineering group which cuts across basic research, applied research, development and
design, into the actual manufacture in the Western Electiic Company. Morton says:

“[There is) a separate laboratory called Systems Engineering. 1t is not a line function. About 500
people are involved here, under an executive vice president, Ken McKay. What does McKay do? What is the
function of Systems Engineering? By training and practice he is a physicist. By further experience, he is an
excellent engineer as well. In Systems Engineering, he is concerned with economics and sociology, as well as
with physics and engineering. One of his jobs is to build a bridge beiween the Laboratories and AT&T
headquarters and the operating companies, and to be alert to needs and problems.
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“Because he is part of Bell Labs, McKay 1s also in 1ouch with scientific-technical developments, From
the synapse of these he can draw a plan for a proposed system, His study will say: It we succeed in doing
the following, this new system will provide x millions of new revenue per year, or it will save x mitlions per
year, His people will also take inventory ol all the technology needed for success of the new system.
Large-scale developments are not undertaken without knowledge of missing critical capabilities, Systems
Engineering makes many such siudies evary year.

“But McKay does not tell Buker {the vice president for research] he must do specific tesearch, nor
does he tell me to give lim @ specific gadget. He does telt ux what is needed and what the priotities are,
beeause the purpose of Systems Engineering is to provide overall guidance for research and development in
terms of corporate needs, Systems peuple are in constant touch with all groups and the realities of their
needs and possibilities—operating company, long lines, résearch. This 1s the way we form our synapses. But
the choice of exploratory projects in rescarch is the responsibility of research people and their management,
for they can make the best decision, given the fact that they know the needs. Each man, whatever his level,
takes the averall goal. translates it into the goals for his range of science and technology, then makes his
choice of relevance in those terms.”

It would appear that the Air Force might profit from giving serious consideration to the three pointy
mentioned above, as they relate 10 both personnel and training. 1t would be wise to consid2r whether or not
the goals of personnel and training are spelled out in sufficient detail by higher echelons so that research,
development, and operating vrganizations will all have the same goals in mind and be able to puint toward
the achievement of these objectives. For some time | have been concerned with regard to both the
gevgraphical separation and the organizational separation of Air Furce research activities in personnel and
training as they related to the operating cominands, Both the Personnel Rescarch Laboratory and the
laboratory responsible for training research are a part of the Air Force Systems Command. which is
organizationally separated from both the Military Personnel Center and the Air Force Training Command.
This separation may be wis¢ if there is close geographic proxinity between the organizations doing research
and the operating vrganizations. 1| have the impression that this close relationship has not generally existed;
however, | speculate as to whether or not it would be desirable for training research and personnel research
to be on the same geographic base with the using vrganizations; if geographic separation must be
maintained, then closer organizational identity needs Lo be established. | believe it would be appropriate for
an operations research group to study research throughput in this area, being sure that in such an analysis

“members-of both the rescarch components-and the operating components make up a-part of-the study.

team,

Finally, it does not appear that the Air Force has appropriate organizational entities to perform the
systems engineering function described in Morton’s article. 1t may be that in hardware development, there
are adequate organizations in terms of the various AFSC divisicns and their related systems project office
organizations: but in the area of personnel and truining, there does not seem to be an organization whose
major purpose is to see that goals are stated and are recognized by research and development organizations
as well gs by the operating user, and to act 4s an active feedback and liaison mechanism in this area. This is
not a function which can be adequately performed by a small headquarters organization. It is significant
that in the Bell Laboratories as many as 50U professional people are engaged in the systems engineering
activity. It seems that in the Air Force a new organizational invention is required, and | would suggest to
Headquarters USAF that this is a high priority item in their effort to achieve maximum utilization in the
rescarch-to-development-to-use cycle,

Conclusions

As | think back to 194) when | hod my first association with military personnel activities and
contrast the philosophies of mititary personnel operations of that time with those of today, 1 believe that
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great advances have been made. The resources available in the military services have been very great and
have sllowed them to exploit much of the latest technology and latest thinking in personnel management,
However, there are still many problems which need to be solved. These problems range from basic
examinations of the philosophy of personnel management to the implementation of some of the more
advanced informstion processing technologies, 1 strongly suggest that the investigstion of the problems |
have outlined above deserves support by the highest levels of the Air Force and that the careful analysis and
study of these problems by a permanent stafi of operations researchers and system analysts should result in
the formulation of new programs which would result in an even more effective Air Force,
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IMPROVING EFFICIENCY IN THE USE OF MANPOWER RESQURCES
Jack W, Carison®

Introduction

1 appréciate the invitalion (v present a papor un the vcoasion
of the Silver Annjversary of the Personnel Research Lsboratory,
Many of the alumni and current members of the Laboratory are
sttending this conference and must justifiably feel a sense of
sccomplishment for what the Laboratory has now become,

The challenge of the Labotatory today is 1o remain dynamic,
Members of the scientific community are fuiecasting a doubling of
presently accumulated technical knowledge within the next 2§
years, While the Laboratory and participants in dus Symposium
celebrate the accomplishnents of the past, they should realize that
the world of misnpower analysis is rapidly changing.

My purpose is to identify areas fur analysis and improvement
in the management of manpower resources in both the Department
of Defense (DoD) and the Air Force, First, the ubjectives of the
Department of Defense are considered in relationship to our national goals, Brief consideration is then given
to the appropriate mix of machine-power and manpower followed by a discussion of some approaches for
identifying the most efficient mix of menpower skills. Policies which influence the actual flow of persunnel
are evaluated in terms of thelr impact on attracting, retaining, and motivating each skill-type required. In
the final section, | have commanted on the nature and magnitude of manpower research in the Air Furce,

One conclusion is cleas: the Department of Defensc and the Air Furce are only moderarely efficient
and effective in the use of their personnel. It is equally clear that significant improvements can he made,
From incomplete analysis, it is reasonable to assert that a few Lnportant improvements could reduce
manpower expenditures by more than $2 billion a year for the same level of performance, or DuD could
benefit from a marked increase in personnel performance with no reduction in cust.!

¢ My, Carison 1w currently with the President’s Councid of Feonomie Adviaersg Juning 190806, he was
Assistant for Special Studies in the Office of the Seceetary of the & Poree, The analy v ind con fusion
in this paper ate attnibutable to the suthor and should oot be svcerpreted anoretlevting the sicws af any
Federal agency.

VThin duesa’t include the wavings o seviety of chimmating the deatt, A pactal canaly sis of s gt

of manpower wastage can be found 1n an unpublished papee Iy W oo Thineen and Burton AL Wi hrad,
“"Economivs of the Military Drafe, ** Unoversity of Yisconsin, O tocer 28, 190G,
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Nationa! Security and other National Goals

As an economast, | am naturally concerned with sifocating resources among competing claims on »
basis of least costs. Although there are a few resources that are relatively "free,” such as the air we breathe
and the water we drink, most resources are scarce, (Even thow that were onice free are becoming scarce,
¢.§., clean air.)

S P U O

These resowves are distributed on the basis of the willingness and ability of each individual to

purchase them (demnand) and the corrésponding availability of each (supply). The actugl matching of thess
two forces, demand and supply, is called & price, ot the trade-off of one good for other goods. While prices
v are often automatically deteymined in the private sector of cur economy. they are not always sutomatically :
: available in the public sactor. Instead, the Government must deliberately compute prices (“'shadow prices™).
The ingredient that is facking is not ususlly the supply cost-aithough st times computed incorrectly-but
rather, the demand. In the private seclor, demand is expressed sutomatically by “dollar votes” of
consumers willing and able to purchase goods, In the public sector, Government demand for goods and
services comes from national goals which are given expression through the media of the ballot box,
demonstrations, and legal proceedings.,

A hd cmmeania e dade

eI T e e

Several attempts hive been made to forecast the future gosls and objectives of Americans. The
Nativnal Planning Assuciatior has recently enumerated and costed one set of ;oau."‘ Thelr analysis shows,
first, that the cost of achieving even a modest array of goals far exceeds the ability of the economy to pay
for them. Thercfore, trade-offs between highly desirable goals must be made. Sccond. the schievement of
even a lower level of these goals means that we must follow policies that sustain the economy at & high level
of economic growth. Third, there are u variety of public goodi demanded by Americans in addition to
nationa) defense. Some of these are urban development, socisl welfare, improvements in the quality of our
environment, and better health and education.

The Department of Defense fits into the achievemient of these American goals by (s) providing the
primary focal point for national security and (b) by way of a byproduct, contributing in the achievement of
other national goals. Obviously, if the Depastmant of Defense can help raise the skill level of disadvantaged
Americans while fuifilling its primary gou! of national security at little or no sdditional cost, then it should.

_ In_this way DoD can achieve foreign policy objectives while simuitaneously developing skills for economic ]
growth and reducing poverty. This is exteemely important now because lotal Federal expenditures for
nondefense purposes have had to be cut to reduce pressures on prices and provide more funds for the war in

' Vietnam. In fiscal {m 1967, expenditures subject to immediate Presidential control sre estimated to be

$23 billion vr less,” while DoD expenditures are estimated ‘o be $70 billion or more,* and expenditures
not subject to immediate Presidential control are estimated to be $31.5 billion or more (e.g., Veterans'
pesisions, furm price supports).® Under these conditions other worthwhile objectives suffer unless they can
be achieved within the Department of Defense budget of over $70 billion.

2 Leonard A. L.echt, Goals, Priorities, and [lollars, The Nest Decade. New York: The Free Press, 1966,

} Testimany given by Bureau of the Budget Dicector Charles Schultze before the Committee on Ways and
Means, Houxe of Representatives, September 12, 1966,

* The Budget Message of the President, January, 1967,

3 Op, ere, Ditector Schultze’s tesimony,
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Howcver, we are not sure of the total impact of Defense expenditures on the Nation's manpower
retourcas and thus on both national security and other goals, Nor do we know what the real increases in
cost and luwer levels of effectiveness are to Defense by including programs to simultaneously schieve
Defense objectives and other natiunal goals. Thercfore, as a fiest step towards reducing our ignorance, »
study should be initiated tu maasure mot. adequately the impact of Defense expenditures on the ezonomy
through withdrawing, disciplining, training, educating, and dischurging men. Then other sudies should
follow to delermine more intelligenily the extent that DoD should ssist furthet in achieving other national
goals.

Manpower Caati and Requirements

Once the national objectives of the Department of Defense are determined, the Department miust
then combine men, equipment, and facllities at the least cost. Alternatives should be explored to
accomplish various levels of achievement. Unfortunately, the Department has traditionally concentrated ils
planning activities on the basis of weapons systems, with less regard for manpower resources. This has
occurted in spite of the fact that roughly $30 billion or one-half of the Defense Budget is spent for military
and civilian compensation and training costs. With over one-half of Defense expenditures immediately
dependent on effective use of manpower resources, DoD should give this area at least as much analysis as
that given to the development of weapons systems.

After arriving st a rough spproximation of the proper mix of manpower and machine-power, further
adjustments must consider the “qualities” or characteristics of personnel in relationship to each current snd
future job. It makes a difference if military and civilian personnel huve achieved differing *‘quality levels”
based on higher plateaus of education, skills, and experience. It matters both in terms of performance and
costs,

Each Service and the Office of the Secretary of Defense now separate the development of manpower
requirements (demand) and the actual management of the flow of personnel (supply). In both cases, costs
are usually excluded or understated.

~_ Numerous information systems covering-portions of manpower rescures in each of the Services and —
the Office of the Secretary of Defense have never been effectively integrated. A data system which exists

for costs is completely separated from the data for manpower requireinents. In addition, there is snother
describing the characteristics of personnel actually on active duty. Fusthermore, to add to the confusion,
there is only a primitive Air Force o1 Defense-wide data system for civilian personnel,

One of the few crude bridges in this gap is the development of personnel “cost factoss™ which ususlly
reflect only current budget costs. They do not include un-kind benefits such as dependent medical care or
future cash payments such as retirement or “insurance” payments for disability. There is no costing of
personnel as they Now through career patterns, including expenditures for training, education, orientation,
and relative levels of performance. Consequently each Service has practically no Liformation as 1o the cost
of each personnel 1ype. One reason for this situation is the difficulty of developing this kind of data in the
present structure of the Planning-Programming-Budgeting System. Apparently no attempt has heen mads tu
develop daty for a Personnel System,

The first attempt in the Department of Defense to develop even crude total personnel costs factors
was conducted duting 1966 in the “civilianization" studies (Project MIXFIX), Even this seemingly obvious
step was incomplete, and only the Air Force attempted 1o relate casts to cach type of skilled personnel
sffected by civillanization of the military force. In the future, both average costs and those costs bssociated
with adding s few individuals to an on-going activity (marginal custs) should be developed.
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Costs can be computed for esch type of skilled resource based upon occupation (or speciaity),
sducational level, major acadeinic field (for recently gradusted petsonnel), experionce, mental capabilities
(e., AFQT, AFOQT), physical attributes (e.g., eyesight), risk scceplance levels, and other useful
chasscteristics (or fewer). For example, the cost for an M.B.A. statisticlan, educsted at the expense of the
Department of Defense, with 3 years In the field and 10 yeurs on sctive duty, who s adept at quantitative
analysis, and who seeks to avold risk-taking is different from the cost of a B.S. physical education major
with ! yedr a2 2 malntenance officer and § yeam astive duly, who b low on verbal and quantitative
capability, who he 10:20 visiol, and who seeks Hik aad {5 & pilot, Ther is a différence between an
experienced engintdr in the Civil Service aind an Liexperienced officer teturning from the Engineering
Schoot at the Alr Force institute of Technology. in addition, there ate differencer in both the effectivenen
and substitutability of different individuals with different charsctenistics,

In wctting manpowsr requirements, these cost and performance differences should not be ignored.
Manpower requirements are now set with only the most indirect consideration of costs. Boards of officers
or distinguished individuals decide what the educational level should be for entire militiry occupations, or
esch supervisor is mked 10 specify personnel qualities needed for esch job under his jurisdiction. Skill levels
are therefore not directly relsted to cost nor are they constrained by increases in coits. Boards of officens
and supervisors quite naturally prefer more highly trained personnel, irrespective of the job, Nor are cost
considerations forced on higher level decision-muakers. At the highest levels, increases in Defense
appropristions are easier to obtain; in addition, the draft guarantees » flow of skilled personnel who are
paid at less than civilian market wages. Although the draft does not wssist the recrultment of Civil Service
peripnnel, the fact of easily obtainable Defense dollars creates a bias toward specifying high-skill levely
within the civilitn component of DoD. The average distribution of grades among military officers in 1951
was 0-3.0 (Captain) and was 0-3.1 (or essentially the 1ame) in 1964, Enlisted grades crept from E-3.6
(between Corporal and Staff Sergeant) in 1951 to E-3.9 (nearly Stafl Sergeant) in 1964, During the same
period the average Civil Service grades rose rapidly from GS-5.3 (1951) to GS-7.4 (1964). While the Military
Services rushed to increase the educational and skill levels of most jobs with the grade structures remaining
the sume, Civil Service escalated grade levels to sccomplish the same thing.

An obvious example of over-investment is found in the requirement that all pilots have baccalaureate
degrees or higher. There is no indication that officers with baccalau: eate degrees do better in purely flying
assignments than those without baccalaureate degrees. Currently (July 1, 1966), 183 pilots on flying status
hold doctor’s degroes, and 4,5C6 have earned master’s degrees. Many other officers with sdvanced degrees
and cnlisted personnel with high school diplomas snd college training are doing menial military tasks which
are well below their capabilities.

The overstatement of requirements for each personnel type has resulted in each Service maintaining
an unnecessarily large educational and training program. Yet, the graduates of the programs which develop
the highest wkills are not Likely to stay in the military beyond the period of time that they are obligated to
serve because the overstatement of requirements results in their being astigned jobs which to them are
unchallenging. (In addit.on, current personnel policies fail to encourage either retention or motivation as
discussed below). The Services consequently find themselves in the wasteful position of educating and
training two or more men when only one may have been adequate, if the requirement had not been
overstated, There are analytical methods which can reduce the likellhood of eithar understating ot
overstating manpower requirements.

Manpower requirements can be determined by tresting each organization as a producer of services or

products for other arganizations. What is necessary i an identifiable service or product and the manpower
inputs. Each skill type (broadly defined) has a different and measurable impact on the output of each
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organization, The same is true for various combinations of skill types. Asuming the trade-off between
machine-power and manpower is made,® then the output measure of esch organization can be identified.
For example, 8 wing which supports snd operstes B-52s or F-10Ss might be measured by Operational
Resdiness Indices such s number of sorties flown/ number of aircraft assigned, number of successful
missonsinumber of aircraft committed, number of aircraft In commission each day/numbet of aircraft
flying hours, and sversge tima required for the turtrsround of aircraft,

in some cases, qualitative measures will have to be used because some outputs do not lend themselves
to easy quantification. In the case of a research organization such as the Personnel Research Laboratory,
merely counting the number of reports or pages in reporis each year compared with the number of
professional staff members employed to produce them Is inadequate. Some measure of the quality of the
work & necesiary.

All military organizations (e.g., squadrons, wings) with similar missions or outputs and with similar
equipment can be evalusted a3 to varistions in the mix of skill types; one mix of skill types may tend to
achieve higher levels of performance—as for example measured by the Operational Readiness Indices. The
vasistions in skill types could be made to identily personsnel types (based on education, experience,
traindng, aptitudes, etc.) which are associated with higher levels of performance. The cost (compensation,
training, variations in number of working days, etc.) of esch group of personnel or skill type could be
sttached 1o its apparent productivity. The direction of change in the skill-nix, for esch type of organization
can be revealsd by this process. The decision to change is casy if the costs of two skill types are the same,
but one typically performs better in reiationship to the organization’s mission. If the cost of the higher
performer is also larger. however, the choice it mote difficult and the decision-makes must judge if the
incresse in performance is worth the increase in cost,

In contrast to the organizational approach, requirements can be determined by studying each existing
job and how it is related to other jobs, The elements making up each job can be identified. Each group of
factors thus compiled for each job can then be identified with personnel types. Then the requisernents of an
entire organization can be determined by sumuming the personnel types for each job. Care must be exercised
to recognize the interdependence of jobs within & military unit. This approach looks st the problem from
the small or element of each job, and then adds up the elements for each job requirement, hence applying
this to aYj the jobs in an organization,

-The organizational approach identifles the more productive organizations and the personnel types
making for the greater effectivenesa, Then more of the productive types are substituted for the less effective
personne] types under the cost constraint until the best mix is achievzd; this becomes the organizationa
requirement incjuding requirements for each job,

The process of determining requirements should be repeated regularly to be consistent with the
dynamic changes in DoD. Both of the above processes will greatly assist in reducing the misstatement of
manpower requirements and possible over-investment in personnel skills,

In addition, not only the demand for personnel types changes, but the supply of each personnel type
changes. For example, the quality of instruction provided by schools and colleges has increased
dramatically during the past decade, This is reflected in the 3.2 per cent (trend) increase in productivity per
manhour, of which some sudies show seven-eights can be explained by education, training, and other

 This s s simplifying sssumption. The relutive cost and effectivencan cf personnel types will impact
on the d:epeain' and broadening of machine power, but this is not included in the Jdikcussion that follows,
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causes of technological change. Over 50 per cent of e growth of Gross National Product has been
attributed 1o this source.” Under these growth conditions, the Department of Defense is found wauting. In
many aress, Jobs or organizational requirements have not been recvaluated for 10 years and longer. This
means jobs that once required a college cegiee might now require @ high school degres, but the former
requirement still exists, The net result of lagging behind the dynamics of the real world is even greater and
contiaually increasing the military™ overstatement of requireinents fo; each job. This naturally leads to an
unsatisfied man performing in his job at only one-halfl or iwo-thitds of his capability. He becomes
discouraged and dissatisfied, waiting for the day he ~an 1etuen to an environnient in civilian life v huch will
allow him 1o use his full capabilities and which will reward him for this.

Personnel Policies and Research

Personne! policies must be modified to attract, retain, and motivate the flow of personnel types
required for the Defense mission. It is not erough to ivok at the mix this yea« or next, but the mix must be
examined for several years. Therefore, recruitment, disciplining, training, educating, and discharging should
be evaluated as an integrated personnel system with all the techniques assceiated with systems analysis. The
objectives of this should be to match the flow of personnel types to the requirements of each job.
Alternative personnel policies and practices should be &+ _sated te determine thuse which attract, retair,
and motivate each personnel type to meet adequately each job requirement at the lowest costs, If DoD
objectives include assisting disadvaniaged young men (Cuategory 1Vs), thei: the costs and effectiveness may
vary accordingly.

During u.. past few years, each Service has generally attempted Lo retain any and ali personnel who
would stay, This is true almost without exception for servicemen who had completed mc.e than their initial
obligaticn. Fortunately, this policy has been successful in providing the total number of peop’s needed.
Prior to the buildup in Vietnam, June 30, 1964, the Ajr Force, for example, had siated requirements that
55 per cent of their total force should be career personnel. The Air Force achieved 54 per cent career
personnel, or 98 per cent of its goal. But, the individuals who accepted career status were not usually the
ones the Air Force needed to fil! the more technical jobs identified for career servicemen. For example,
during the last fivz years, 31 per cent of all eiigible first-{erm Motor Vehicle Operators. Management
Engineering Specialists, Packaging Experts, and Information Helpers agreed to accept career stztus in the
Air Force. Only 6 per cent of ihe Defense Missile Guidance Mechanics, Ballistic Missile Launch Repairmen,
and Instrument Repair Technicians accepted career status. A siinilar pattern zppeared among officer
personnel. Sixty-three per cent of the nonrated personnel in the Oparations Occupatioral Group remained
beyond the sixth year while only 28 per cent of the Civi! Engineering Occupational Group stayed.

The loss must be measured by >th reduced performance from inadequately trained or insufficiently
experienced personnel and increaseu training and processing costs due to higher turnover of people. The
trairing of a Defense Missile Guidance Mecharic costs avout $10,000 and requires 255 training days, while
the Motor Vehicle Operator ¢osts only $1,000 and r2quires 75 days.3 The loss of the Missile Guidance

7S¢ ¢ Edward Denison, The Sources of Econemic Growth in the United States, Committee {or Ecoaomic
Growth, 1962; J. Kendrick, Productivity Trends in the United States, National Bureau of Economic Kesearch,
14615 and Robert Solow, " Technical Chanxe and the Aggregate Production Function,* Review of K onomics
wad Statistics, 1957,

8 . \ - - : : ;
Secrets | MeNamara's ¢ svgiony beioce the Committee on Aumed Forces, House of Representatives,

June 7, 1905,
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Mechanic is ten times greater in money and over thiree times more costly in time, If the retention rate for
both skill areas is desired to be the : ume at, say 18 per cent, then the Department of Defense could pay up
to $6,000 in cash to each mecharic while maintaining the current pay of the vehicle operator and disallow
reenlistinent of excessive dri-ers, or pay the vehicle operstors less so as 1o retain only i8 per cent of the
drivers, and pay the mechanics somethiny greater than $6,000 additional,

Shoricomings of thie personnel system in the past need not plague the Services in the future, There
are several pasonnel policies that can and do assist in providing the required mix of skilled personnel.

First, the draft is of tremendous assistance to each Service in providing personnel in both the
numbers, and skills required, at lower pay levels than the same young men would receive in the private
sectur. The Departiment of Defense has indicated that it would cost an additional §5 1o §15 billion to
attract and retain the same type and number of young men without the draft.”

Originnlly, the draf* was designed to distribute the burden of protecting our country upon all citizens:
and. as a byproduct, it provided a desirable “civilian flavor” in each Military Service, The draft, however, is
4 great subsidy for DoD, and its cost unfortunately is not equally distributed among the Nation’s young
men, In fact, tie cost tends to be borne by young men who are unable to avoid the draft through college or
other types of deferments,

Second, the structure of conipensation and incentives is very important in securing the mix of
personnel types required. The experience of the private sector, where market furces operate more tully,
does provide insights which may be helpful in improving the structure of compensation. The private sector
pays for:

~ Higher levels of skill

~ Relative scarcity of each ¢ :cupation
~ Superior performance

- Higher levels of cducation

- Greater expericice

- Greater responsibility

- Increases in hazard

- Disruptions to famjly fife

The private sector pays over 88 per cent of its compensations in cash,

In contrast to the private sector, the military has recognized only half of the criteria above:
specifically, increase in hazard, greatec experience, disruption to family life, and recently, some increased
payment for relative scarcity of occupations among enlisted personnel (e.g., Proficierscy Pay and the
Variable Reenlistment Bonus). Also increzsed pay is given to a relatively few officers for special
qualifications: doctors of medicine and lawyers. Except for the above cases, increased pay is not usually
given for higher ievels of skill, higher levels of educction, superior performance or sclative scarcity of each

9 . o . o
Because the draft provides manpower to the Ser ices at less than the prevanling wage 1ate for similatly

shilled men in the civilian cconomy, the Services tend to favor military techniques and methods which use

relatively large amounts of labor in geaeral and skilled labor in pacticular, Also, total production for the ennire

econemy ir Inwery manpeacr is used where it is oot most productin o Therefore, the sociiul cost of §5 w0
$15 ballicy, which is novw borne by drafted young men would be moving towards a voluntary furce,
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occupation. Almost without exception, DoD has requested higher across-the-bosrd compensation increases
instead of dific -ential pay so as to recognize more fully higher skill and educational levels. The salary
reform studies of the Hook Commission in 1949, the Cordiner Conuniltce in 1958, and the Randall panel
in 1963 did not fully consider differential pay. And now, weapons systems and military planning are more
sophisticated, but DoD is saddled with an archaic compensation structuse, The net result is that DoD pays
highly skilled personnel too little and less skilled personnel tow much. With the econumy at a high level of
employment and with increases in growth dependent on the eéfficient use of manpower resources, the
Federal Government and the Department of Defense cannot be satistied with continually over-paying some
of its personnel and under-paying others. Pay must be used, as it was intended, to attract, retain, and
motivate the wide range of personne! skills that are required. No more or no less should be paid, There are
other critical claims on the taxpayers® dollars that cannot go unrecognized. The current under-payment off
some personnel leads to excessive tumover and the associated higher costs for additional training. The
over-payment of others leads 10 higher than necessary compensation costs and training costs, which
compounds the problem,

Military compensation distributes more non-cash benefits by providing more “free” present and
future services than is the practice in the private sector. To add to the problem the proporti~a of non-cash
and delayed elements of total compensation has increased since 1949,

Roughly 50 per cent of total compensation is now labeled basic pay and is paid in cash. Thirty per
cent is paid for special purposes such as housing, clothing, and hazard allowances which may be paid in cash
(e.g., hazard pay) or in kind (e.g., housing). Over 20 per cent is paid for strictly non-cash or future benefits
for such services as dependent medica! care and for future pays such as retirement and “insurance” for
disability,

The more elderly use non-cash services more than younger personnel. Therefore, greater
compensation accrues in this form to older and more senior personnel. Also, it is evident that free services
are used more extensively than is necessary. If the Federal Government gave in cash to military personnel
an amount equal to the total cost of providing free medical facilities to dependents and Service personnel
for noaservices connected medical care, less medical service would be demnanded by Service personnel

because of their higher preferance for other goods and services. A move in |hlS duecuon can help to

allcmlc uver-crowdmg in military medical facilities. =~ .~ - - - -~

Almost all servicemen prefer a higher amount of cash now rather than future payments. This is
evident by the interest rate military personnel are willing to pay for consumer goods. Generally, younger
people are willing to pay high rates of interest to borrow for the essentials of courting and setting up
housekeeping. The time preference or interest rate for cash is typically 10 to 20 per cent for younger
military personnel. This 1ate is significantly higher than either Government bond yields of 4% per cent or
lower Government accounting rates of 3 or 3% per cent. Because of this difference, income promised 20
years in the Juture means little or nothing now to young servicemen, but it means a higher cost by
Government compultations. Characteristically, Government pay increases during the past five years have
ignored this fact and have increased retirement pay at a faster rate than cash payments,

To an airman or officer in his nineteenth year of service, a basic pay increase at the guidepost rate of
3.2 per cent means 25 to 35 per cent increase in compensation that year, This arises because the retirement
pay is a lixed percentage of terminal basic pay and provides a stream of retirement income at 50 per cent of
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the basic pay increase for the remaining life of the serviceman.1® In contrast, the airman or oificer
completing his first year of service receives practically nothing in present value terms from the incresse in
lis retirement, (A similar but smaller impact ocours with Civil Service pay; retirement pay is based on a
percentage of the avorage income of the highest five years.) Thus, pay increases given to military and Civil
Service personnel during the last five years have given very small compenaation increases to junior and
middle carver personnel and have given very large increases to personnel who have fong since committed
themmaelves 10 @ carcer and who generally possess less education and are less open to innovation, This is
another example of the Government's increasing the compensation of senior passonnel much more rapidly
than junior and middle carcer personnel who are generslly in short supply. The additional cost of rapidly
increasing compensation for senior personnel is in many cases unnecessarily burdening the taxpayer without
any significant returns,

The sbove deficiencies in the military compensation system (and to a lesser extent, Civil Service) are
further encouraging younger and more skilled personnel to retum to the private sector as soon as possible,
where compensation is not predominantly based on old-age or paid in services, The compensation system
should be modified to provide more compensation in cash, greater differentials based on skill and
educationul levels, and less future pay if the Services wish to increase retention and motivation at much
lower costs,

Third, promotion policies are successfully used in the private sector to retain and motivate skilled
personnel. In contrast, in the Military Services and to some extent in the Civil Service, promotions are
seldom given for above-average performance and for purposcs of retention. Promotions are primarily based
on waiting for the requisite age and then being promoted aleng with poorer performers. For example, in the
December 1965 promotion to Major in the Air Force, only 1.3 per cent of all promotions were based in any
way on above-average performance, The remainder, or 98.7 per cent of the officers promoted, were treated
as if they were of equal performance and were promoted after roughly the same number of years of
service,® Quite obviously, many officers among the 98.7 per cent had superior performance records and
tremendous potential for further development, while in the same group many officers had below-average
records and low potential for development. There is nothing so discouraging to young and highly trained
men as to be told that they must wait and be promoted with *the herd.” Yet this is precisely what current
policies implicitly say to highly qualified young men. Naturally, they won’t stay and they don't stay. For
example, the retention rate of enlisted personnel after completing four years in 1964 was 13 per cent for

-those with- the rank of E-3 (Airman First Class) and 33 per cent for those with the rank of E-4 (Staff

Sergcam).“ A similar pattern emerges when comparing officers with more advanced degrees in skill areas
in short supply and officers with baccalaureate degrees in academic disciplines which were in ample supply.

10 For example, an ofiicer ot 43 years of age, who is a Lt Colonel earning $10,000 base pay, who h.s

a remaining life expectancy of 29 years, and who receives a base pay increase of 3.2 per cent, or §320, will
receive a compensation increase of 25 pe: cent, or $2,527.75 ~ $320 + 10 $1G0

%

Rl (14.0%)

{The above calculauon considered only basic pay and reticement and thus did not include other benefits,)

n

1y,
The causal relation may have been reversed: Promotions may have been given to enlisted personnel
because they cxpressed a desire for a career and not hecause of higher achievement levels,

* Bd. Note~Although the statement here is generally correct, it is somewhat nusleading smnce those passed
over for promotion to major tended toward the lower end of performance distribution as measuted by cffectiveness

reports,
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When men who are highly trained and educated leave because of essentlally no opportunity and no
promotion, the Serdces must maintai- a larger training and education program for less capable personnel, It
is hard to estimate what tremendous Josses are sustained by such personne! policies, but the combination of
existing compensation and promotional policies must cause at least a 6 per cent wastage in DoD manpower
resources. This would be equivalent to roughly 82 billion dollars. Pechaps it is closér to 85 billion,

Fourth, awards and sneciul tecognition motivate people to higher performance leveéls. There is no
substitute for the pat on the back, public recognition, and medals for retaining and motivating personnel.
Even the scemingly insignificant addition of lightning bolts for the visors of Licutenant Colonels gave
outward recognition of the officer’s high status and probably Increased his motivaiion. Commendably, each
Scrvice uses this policy tool very effectively.

Fifth, assignment policies can and do have an impact on attracting, retuining, and motivating skilled
personnel. In the civilian economy, individuals specialize early in their careers and then broaden themselves
for additional levels of responsibility. Among enlisted and Civil Service personnel, the Department of
Defense does essentially the same thing. But this is not followed with officers. Officers are rotated at 2- fo
4-year intervals into and out of specialties and occupation groups. Although each Service attempts to
develop some career patterns, their efforts are either ineffective or are ignored in actual assignments. For
exaniple, an officer may fly for one tour, then be an academic instructor, then 3 management analyst, and
then return to the cockpit. Each job requires on-the-job training and may mean the equivalent of a 1-year
loss for each 3 years assigne2 to each new occupation. This approach is frequently rationalized because of
the need to prepare all officers for general officer responsibilities in spite of the fact that only .03 per cent
can be general officers at any one time. Or, a loose career ladder is maintained to allow older personnel no
longer suitable for flying or combat jobs to move into a “desk job.” Of course, the preparations and
execution of a war require flexibility, but the current assignment policies appear unduly flexible and
intolerably wasteful, The education and experience patterns of general officers could include earlier
specialization with broadening responsibilities later in a career, as occurs with many top executives in
industry, Flying personnel could be given a career pattern which includes only flying with the flexibility
that pilots could leave with reduced retirement benefits or a lump sum payment after, say, 10 or 15 years.
If the airlines are an example, pilots in nonfighter aircraf't can have successful careers through at least 20 or
more years. Fighter aircraft may require the faster reflexes of youth and, therefore, fighter pilots should be

- considered for transfer to bombers or cargo-canying aircraft later in their careers,

The great advances ia technology now affecting the Department of Defense make it folly to ignore
specialization among all personnel. If ignored, then the substitution of civiliar. personnel in the place of
military personnel should and must be considered as a desirable alternative in all but direct combat-type
jobs,

While it is easy to identify problems, and obviously wasteful policies, it is much harder to correct
them. |1 do not wish to minimize the difficulties. But it is not always cleas that we are moving in the right
direction.

Conceptually, it is possible (o define a personnel type (e.g., 8 man who is an experienced comptroller
with more than one year’s experience, is 2 non-rated company-grade officer, and has a master’s degree in
business) and trace his movement in the personnel system, given current policies.! 2 This can be followed by

1250 tae developments at the Perscnanel Research Laboraiory, The Laboratory has successfully applied

a uscful flow simulat.on technique (modified Markov chain) to the Air Force officer force in some tecent research
effares,
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simulating the modification of personne! policies (¢.y., compensation system based on additional pay for
higher skill and educational levels and a promotion system based on performance) in order to caleulate the
likely changes in the actions of each personnel type. Then the cost stream for each personnel type under
altsrnative personnel policies should be determined. Thereby, leastcost policy options can be isolated for
the Jecision-maker.

To carry this approach further, changes in reguiremsiits fos each personnel type can be simulated in
relationship to the needs for manning weapons systems and othe: military jobs. Again, cost streams must be
attached to alternative mixes of personnel types, Similarly, alternative requirements can be evaluated. In
the final step, simulation of various personnel lypés can be made vn the requirement side as well, with the
ultimate matching of requirements (demand) and personnel flows (supply). The decision-maker can
intuitively add factors not already considered and then make a selection of the mix of personnel policies
and a statemen! of requirements at or near thie lowest costs, This type of model, or more correctly, family
of models offers a tremendous potential for greutly improving the effectiveness of personnel and manpower
management, and at Jess cost.

The creation of these models and the development of other research projects discussed ubove will not
be an casy task. Moreover, it will require improvement in the operation of manpower reseurch and
development activities within each Service.

To be most effective, applied research is best performed under special environmental conditions.
These are: semi-isolation from operating organizations; latitude to initiate projects as well as to perform
assigned research projects; and access to the highest levels in each Service (Deputy Chief and Chief of Staffs,
Assistant Secretaries and Secretaries of each Service and DoD). Basic research is ideally conducted in an
academic environment with its azsociated freedom and inquiring stmosphere, DoD should include grants to
the academic community to foster this type of research.

Applied vesearch can be performed in essentially three environments: academic community,
consulting organizations, and in-house applied research centers. Each has its advantages and each should be
used by DoD. There should be more contact with competent professors in civilian universities, and more
contracts should be let to these agencies. Consuiting groups, such as the Rand Corporation for the Air

"Force, provide a valuable and indispensable bridge between the academic community and each Service, as

well as generating imaginative approaches to resolving old problems,

In-house rescarch efforts are particularly important in developing new systems for personnel
management and recomumending policy changes. The conceptual development of the personnel management
model and the development of occupational analysis at the Personnel Research Laboratory are two very
good examples.

Although research efforts are not built overnight, now is the time to start. Competent researchers are
hard to find, and, unfortunately, the Services have deluded themselves into thinking they can have 2
research effort in-house merely by reorganizing and labeling new jobs as research positions. It is time that
the Services reduce the detrimental fragmentation of their efforts and further isolate research centers from
the day-to-day demands of military opesations.

Improvement in applied research and development will require the integration of diverse data suurces.
A fruitful starting point can be the integration of all costs, personnel, manpower, training, education,
pre-accession, ROTC, retirement, and Reserve data files which already exist. Computer facilities set aside
for manpower analysis may need to be expanded in each of the Services, As in the past, the Services will
want to safeguard the privacy of each serviceman's personnel records.
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In the Air Force, the Personnel Research Laboratory is the focal point of personnel and manpower
applied research, 1t will need far more support than i1 is now receiving to match the challenge of the 1960'y
and 1970's, Also the Labotatory neads to increase its ties with all relevant disciplines, including ¢conomics,
in the academic comumunity (including the Alr Force Academy and Air University). One approach is to
reserve manpower spacex st the Lahorstory for visiting researchers from scadémic life for past or all of 2
year. Alswo, consultants could be budgeted to wotk on special problems, In uddition, it may bé useful to
have biannual symposia ont Air Force and DoD Manpower research.
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THE IMPACT OF COMPUTER APPLICATIONS ON PERSONNEL
MANAGEMENT SYSTEMS

John M. Leiman
California State Collepe at Los Angeles

When one looks at the voluminous literature, an the one hand
in the area of cumputer und infurmation mznagenent developments
in the last ten years and, on thé other land in the area of personnel
management syriems development and use in the last 25 years it
seams obvious that the impact of the first upon the second has been
and will continue to be tremendous indeed. Most of you will agrece
with what | have said so far, You may not agree with the sest of
what | have to say. I belicve that computers can and will replace anid
do beiter and cheaper the cutren? funciions of most petsonnel staffs,
The grim specter often raised of the management of mzn by
nachines, untouched by humun hands, s not o grim hecause it
would likely be an improvement over most personnel management
systems now existent, If the unly hope. or the only danger, is
automation of current fumtions, then my advice to personnet
maaagers is to find an interesting lickby. for machines will put them
out of business. But 1 think that this replacement of man by machines in (his respect has been thus far. and
will continue to be, only a supesficial impact, for it does aot in iisel{ cnange any of the basic concepts or
solve any of the fundamental protiems of perionnel management,

It is also obvious 1o me that the use of computers and associated technology us tools in traditional

_ personnel selecticn research and dovelopment,-while of considerable use, will not have uny basic impact on

personnel managemeni, | do not mean to disparage these two impacts since | think they are salutory, but
on looking at some of the more fundamental cbjectives of personnel management | see, if anything, 4
worsening condition. I think at least cne of the mosi important objectives of personnel manugement
systems is that they contribute ro the realization of the Great Society, und I was gratified to hear Dr. Dailey
give us the Health, Education, and Welfare Secretary's definition. I am alsv gratified to know that the
Secretary's definition agrees with the aim of goveinments set forth in a document of some years standing,
the one I have taken as my text for this paper. I believe that the really important impact of computers on
Manpower Unidization Systems can be the realization of the truths held to be self-evident in the Declaration
of Indepaitdence. I would like to quote a few familiar, if often ignored, lines trom that document,

“We hold these truths to be «lfcvident, that all men are created cqual, that they are endosed by
their Creater with vertain inalienable Rights, that among these are Life. Liberty and the puruit of
Happiness, That to secute these rights, Govermmments are instifuted among Men. denving thelr just
powers from the consent of the govermed.™

Governments are social systems, and their primary purpose is (o regulate the behavior of men.
Personnel management systems also exist for the main purpose of regulating the behavior of men, The
question is: Do current personnel management systems have as their main purpose the regulation of the
behavior of men to the end that the inalienable rights of ul/ men are secured? 1 believe that the answer 1o
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this question, in this country today, for the overwhelming majority of systems, lh mo. | belleve that the real
impact of computers on personnel management systems is that they will make it posiible to bring about the
development and vse of systems which will more surely guarantee to all men the right to 8 useful place in
society--the prerequisite {o the pursuit of happiness.

{n anticipation of those who might want to question the assumption that the aim just quoted is
indeed the main and rightful purpose of personnel management systems on whatever grounds, let me simply
challenge them to srgue publically, on moral or any other grounds, that there is » better fundamental aim
of governments vs of personnel management sysiems.

Let me also say that we know that men are not really created equal as Is stated in the guotation, but |
think it is 3 falr imerpretation that the squality must refer to aquatity before the law or Belore the sxial

systems that have been instituted among men; in other words, equality of oppurlunity to puisue happiness
and to live at hiberty,

Most of the cvidence bearing on the question of equal opportunity is often interpreted as differences
in the degree to which men exert themselves in exploitativn of their oppoilunities. | will not argue that all
men should be equally successful in the pussuit of shelr rights, for men do differ in their native abilitics, but
[ will argue that the diffeicuces, that | will discuss below, are just 1oo great 1o be the result of differences in
energy of pursuit or native ability. They are rather the results of personnel management systems, and other
social systems, that do not place the equality of the rights of all paramount in their aims.

Let me cite sume statistics that Ulustrate the differences. The lowest one-tenth of the spending units
(families and single persons living in separate households) in the United States receive | per cent of the total
personal annual income, while the upper one-tenth receive 28 per cent of the total income. This means that
some 6,000,000 families get 28 times as much, on the average, as 6,000,000 others. if one considers more
extreme samples, the 3,000,000 in the top 5 per cent receive more than 30 tumes as much, on the average
per year, as those in the lowest 10 per cent. And this is only in terms of annual dollar incomne. The
discrepancy is even greater when one conyiders the degree to which men of these extreme classes have
succeeded in the pursuit of total material weslth (1).

The recent minimum wage law raises the number of those who are covered tu about 30,000,000
“why are less than SO per cent of the labor force covered by minimum wage laws? Why not cveryone? Does
this look like equality of opportunity?

Of the some 75,000,000 members in the labor force, fewer than 33,000,000 are members of labor
unions, and you may be sure that few, if any, of these work ar or helow the minimum legal wage. This is
not becsuse 45,000,000 employed persons 21¢ professional, managerial, or proprietory workers, tor only
some 25 per ceni of the labov furce is so classified. It is difficult to Know how many workers do in fact
work for less than iiie minimum wage, but a little arithmetic with the numbers given in the Statistical
Abstract of the United States indicates that the number is in the neishborhood of (wenty to twenty-five
million, One may ask: Why is this? Are sume jobs just not worth uny more, or is it because our social
systems are nol reully dedicated to the principle that men are entitled to any equal opportunity?

i would like to cite just one inore piece of evidence before | go on to a discussion of what might be
done about the rather grim picture | have drawn. One need only spend some small amount of time in the
vast slums of our great cities, or In the itinerant worker camps of some of the most productive agricultusal
areas of the nation, or in the deep south or the southwest to realize the abject lack of hupe for a decent life
that is the lot of about 50,000,000 of our citizens—one- fourth of our people (2).

tn.g

warkers, If one remembers that the labor force in the Utited States is now gbout 75,000,000, ong car ask .

e T ] A 18 Fvee o R, A ek g IO NCW PRSI e sergpei e g oy o ey Tt RS RER T R L Ty B 1 Jovitn Tiprlvetln A P e

fowon

P e

Al




e

[

bt et e T S U

We live in a very affluent society. Our total persona! income approaches $600,000,000,000 annuaily,
and this represents sn sverage income of about $3,000 per yes. for each of the some 200,000,000 people.
Yet the 50,000,000 who are extimated to live In paverly receive an average of only about $700 per yesr, By
contrast the 50,000,000 people who are most sffluent receive an aversge of about $6,000 per year, Is it
really necessary that there be this wide difference? Does the difference represent just differences in native
ability or the energy with which people pussue their opportunities? (st it nol be the resuht of oui
personnel managemeént systems and other souia] systems that do in fact operaté to prevent equal
opportunities for ali?

I would like to tum now to s discussion of wha!, il aiything, may be done about the exisient
inequities in the degrse to which men have been successful in the pursuit of the “goodies” of life. | do not
went o degue for 2 strictly equalitarian society for, because men are diffcrent in their capabitities, sonie
must be more successful than athers in the pursuit of those things which bring satisfaction and tutfilirent
1o our lives, But the differences between the high and the low are just too great, At first glance the simplest
solution might seem 1o be that we take from the rich and successful and give 10 the poor and the
unsuccessful. That is just the solution that we have been trying for the last several veurs i our federal,
state, and local welfare programs, Yet these programs, while they probably prevent starvation and stave off
revolution, are generally conceded to be failures in the sense that they provide nothing more than a
stop-gap soluiion. Indeed we know that there is growing among many of our pour a culture of poverty. We
are in the third generation of this in many of our city slums, Welfare and churity are doubly defesting, fur
they do not provide the means for the recipients to improve their state, and they create resentment into the
bargain,

Tt has been suggested that we institule a guaranteed minimum income for every one, or that we
provide for & “negative income tax,” | think such an arrangemeni would be far hetter than our current
welfare programs and might be even less expensive, but I do not think it would sulve the problem, for the
one necessyry thing to lift people above the stute of poverty is that they be made to feel that they do
belong to the society, and that they do contribute 10 it, This means, in our culture, that they have u job-a
real job, not one that is welfare or charity in disguise. 1 believe that nothing shost of a suciety in which
suitable jobs are available for all will serve to secure the rights of all men. This situation should be of
concern to us all in our roles as citizens and human beings. It should be of particular interest 1o thuse of us
who are concerned with the development and use of personnel management systems. | think the kind uf
syslems we now use are failures, and | think they are failures because we have given- Blind aliegiance toa

" “doctrine of selection rather than a doctrine of classification. By a doctrine of selection I simply mcan that

we determine how many jobs a particular system needs and then line up the available men in an order we
belicve relevant 1o their ability to perform the job. We then simply take from the top of the Jist and throw
away those we do not need. OF course, the process is repeated many imes, but the sume people tend 10 be
at the bottom of every list. They are the breadwinners of the SO,000.000 poverty-stricken people of the
nation. For the most part they ase not very capable people, We alt knuw they are in general, poorly
educated, poorly adjusted, unskilied, old, and unhealthy, or the offspn.ag of such people, for thes are the
chasacteristics of the poor. But they do have some capabilities, and we must use their capabilities even
though it may reduce the efficiency of our production systems,

Personnel inanagement systems dedicated to the selection doctrine might not be so lad if the basis of
selection were a consistent one. All too often, however, men are placed at the buttom of the lists becatse of
such immaterial things as color of skin, religion, sex, or just the whim of sume administrator, Like success,
nothing fails like failure, and one slip often means the end. And there is nu recoune tor most men, sinee
not to employ is the prerogative solely of the employer. In short, the selection doctine means that men are
to be engineered to fit jobs.
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There s an alisinative doctrineawhat 1 reteired (o earliet a0 2 doctrine of classification, Under such &
doctrine the supply of men is classified sccording to their capabilities and potentisl cupabilities, Jobs sre
enginuered to fit the supply of men. The system is made (o serve men rether than men made to serve the
system.

There wre somw difficulties in making o chinge from personnel mansgement systema dedicated to
mlzction to systems dodicated 1o classification. Al changes in doctrings or cusloms of lung standisg have
two fundamental kinds of difficulties, and personnel managerment systems are no exception to this
peinciple. Ont of the problems is & tachnical vne or simply the tack of knowledge of how Lo devise baitér
solutions. The second kind of problem is how to flnd the resolve to impiemint the improved solution onice
it is known, The distinction oftes grows a kittle fuzzy, for the problem of how to find financial and othet
kinds of support for the search for 3 bettet technulogy s more like the problem of implemeatation thin it
is like the problem of the warch fur new knowledge.

Wb b e i

In order to change to a docirine of clasification, we need capability In four aress. (1) The ability to
classify men sccording to their potentis for future job performance; (2) The ability to engineer new jobs
and reengineer old jobs so that they it the capabilities of men; (3) The sbllity to maich men to jobs
that no men are left ove: and no jobs are unfilled; (4) The ability to conteol the crestion of new jobs and
the discarding of old ones 30 that the supply of men and jobs does not get out of balance. This last may also
imply the ability and responuibility to train and retrain men before new jobs are created or old jobs
discarded. The first three arc conceined with technology; the last is » problem of implementation,

The first ares is comprised of an old familiar set of problems, They are the problems of predicting
future job pecformance. For formal criteria such as success (n educational and training programs, we have
schieved validity coefflcients in the sixties preity consistently since World Was I, und we have nul. in the
last 25 yewrs, tnproved this very much despile s very considerable efforl, Factor analysls and other
sophisticated statisticsl techniques have been smployed, Some very powerful computational procedures
have been used. We have expanded the scope of piycho:netric devices; that is, tests are available for a much
larger set of jobs than was the case ¢ few years ago. Valiant efforts to develop noncognitive type tests have
been mude. We have automated the test scoring process and have even begun 10 sulomste some of our
sdministrative procedures. And yet, validity coefficients have not changed significantly. | would not srgue
that we should stop working for improvements in ithis ares, but rathar that the change to a classification
doctrine does not depend on such improvement. We should use more extensively the capability that we.
have, for it should be remerabered that the large majority of the working force is not selocted oy the basis
" of prychometric tests, The technology in this ares may not be as good as we would like it to be, but we do
now classify men i regazd to future job performance, The current technology is good enough for a
classification dactrine if we just upe it.

The second probiem area, job enginsering, is also an old familisr one, Charles Babbage who invented
the forerunner of the electronic computer in the early 1800°s wrote & paper on job analysis as far back as
1832 (3). In fact, Babbage's discussion of an efficient way to manufscture pins sounds much like some of
the work in job analysis done today. It has been only recently, howsver, that human engineering has had
much of an impact on the design of equipment with the capabilities and welfare of operators in mind,

There remain a great many unsolved problems in job enginsering despite very great progress in the last
ten or filteen years. But like the prediction of job performance, we engineer jobs everyday; the fact that we
do not do it as well as we know how, or as well a1 we would like to, need be no deterrent to the adoption
of & classification doctrine in the use of men.

Thie third problem area, that of matching men to jobs, is also an old familiar one. However, very little
work of a scientific nature was sttempted unid just s few years ago. This is probadbly because the
computation problems involved are of such 1 nature that one could not hope ta wlve wch probisms
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formally for more than just 2 fow men 4nd a fow jobs without the ald of a cainputed, In feci, disect
solutions for mere than about one thousand men and one thousand jobs tax modemn-day computern,
Fortunately, sr-0d spproximation procedures are avallable that sre weil within the capability of small- and
mediimsized present-day machines, | do not know how feasible it would be to develop a reasonably good
solution for the working force snd jobs in the United States today, but » modest effort should produce

such a solution.

The fourth problein area, the ability to control the creation und discarding of jobs and to train and
tetrain ren, 5o thet 8 man-job match on » local as well as s national scale is feasible, is a far more difficult
task, There are two main difficulties, and both involve customs and doctrines and evan lagal codes which
have become outmoded by circumstences. These difficultier do ot require any technical breskthroughs for
theit resolution unless one considers that technical developrents are requited (o show us hew to make
changes in long extabliched customs.,

The first difficulty is in the tacit sssumption, embedded in the selection doctrine of manpower
utilization, that men can and will perform, given the proper motivation, any job that is created, and that
they can and will learn to perform a new job if their old job is discarded by technical progress or for any
other reason, It is the doctrine that men will change themaelves to fit the soclety. The existence of the
50,000,000 people who live in poverty and the enormous welfare programs in this country, however, are
tastimonies to the fact that many men have not scquired the skills required by the jobs that the society has
created. One may argu ; that it is imply a matter of motivation, that the men and women who do not have
Jobs or a place of dign'ty in the soclety are in such a state simply because they do not try hard enough. 1 do
not believe this is true. | believe that the great majority of unemployed and underemployed people would
much prefer to work and earn a place of dignity in the society if a reasonable opportunity to do so were
provided them We have in this nation our share of geniuses, but we slso have our share of the other end of
the scale, and 1 see no practical way to chasige this, I see no way to secure the right of all men to an equal
opportunity for @ life of dignity if we continue to engineer jobs without regard to the entire range of
abilities that exists and will continue to exist in the pool of men availsble to fill the jobs,

The second difficulty is just the problem of how to control the creation and elimination of jobs so
that the total fits reasonably well the available pool of the abilities of men. We know enough to describe the
totality of work with respect to both quality and quantity that can be reasonably expected from the
nanpower pool. We know enough to be able to project this for several years into the future. We have the
technology to design systems such that the work of men associated with the systems will result in efficient

" operation without undue stress upon the worker. We also have the technology to match men to jobs so that

few jobs need be unfilled. 1 think we have the technology to do all these things without an undue strain on
the efficiency of our production systems,

The question is, Why do we not do it? Why do we have 50,000,000 people who do not share in the
affluency of the nation? I think the answer is that we do not r.ake use of the technology that we have, and
in particulas, we do not have the means to control either men or jobs when there is a surplus of either-be
the surplus one of quality or quantity. In the past, the problem of imbalance between men and jobs has
semed to have been solved by the law of supply and demand. Perhaps a job surplus has been solved in this
manner, for unfilled jobs ate soun modified or else the incentives to fill them are modified. The result is
that if the jobs are critical they do got filled. The other surplus, that of mere mien than jobs, is not so casy
to remedy. The result, if the latter condition persists, is that the unemployed people are reduced to a state
of poverty. It is often argued that unemployment is structural in nature; that is, that there is not a shortage
of jobs in the aggregate, just that the men who do not have jobs do not have the skills to perform the jobs
that are available. On this assumption, we have in the last few years, at all levels of government, instituted a
wide variety of programs that will upgrade the skills of the unemployed so that they can perform the
unfilled jobs. These programs will not solve the problem of the 5C,200,000 people who live in poverty. For
the most part, they are not very trainsble; even if we do succeed in training them, the new jobs they can
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aspire to are aiready filled by marginal people. The result m-v be some mobility within the :anks of the
poverty-stricken without much change in the aggregate nu.

A basic philosophy of the selection doctrine in . wer utilization is that men win ae at the
bottom of everyone’s list will somehow raise themselves 1. 'n the scale of ability to perform. The lists
are crowded at the bottor.  hey aie alio crowded near the bouw

We have only become interes:ed in thase on the botiom of the lists in the last twenty or thitty years,
This is probably because the selection doctrine includes rather sinall concern for a mar's »cuwre il we
cannot use him in one of our established jobs. Not only do we throw people avay, we largely put them out
of our minds and off our conscience as well. But we do exploit theri. Alinnst all the necessitiss of life cost
mare in an absolute as well as a relative sense for the people who live in poverty. Rents are high=r. Food is
higher. Similarly, the public services provided are of lesser quality. In fact, the very things that
poverty-stricken people need most-their right to an opportunity to share in the affluency of the
society—are denied them, This is all, I think, a part as well as a consequ  ce of the selection doctrine in the
use of men,

A classification doctrine would guarantee to all men an opportt ity to work at a job with dignity. It
would not prevent efforts to upgrade the skills of men, but if that failed, as it has failed in the past, then it
would control the jobs so that all men would have an oppe:tunity to perform one. I do not know how we
can make the necessary changes in customs and beliefs or how we can circumvent the special interests that
would be necessary to institute the new doctrine. 1 am convinced thai we have the technology, and that we
can afford the cost in efficiency, if there be a cost, to bring about the change.

Such a change in doctrine in the utilization of manpower will require an enormous capability to
manage information. Computer systems will provide this capability, I think that the real impact of
computers on personnel management is not that they will be of great service in furthering technical
developments in our ability to predict future job performance, to do a better job in job engineering or even
in the process of matching men to jobs, aithough they have added and will continue to add a great deal to
our capability in this respect. Rather, I think that the really important impact of computers will be that
they provide a necessary capability for us to implement a change from a selection doctrine in manpower
utilization to a classification doctrine. Computer technology and use is not a sufficien capability in itself;

. _we need in addition, the courage and the resolve to overcome parochial interests and to change custonss and

practices of long standing.

It is never very easy to bring about change in any form, and it is particularly difficult to effect
changes in social systems, We have solutions of a sort to almost all of our social probleins, But these
solutions become outmoded, and while some basic changes do come by the long evolutionary process, most
have occurred relatively quickly ang by the relatively violent revolutionary process,

1 think that we may have the capability to implement by evolutionary means a system which will
more surely secuze the rights of all men, If we subscribe to stated goals, and really use machines, we might
someday arrive at the human use of human beings, If we do not get on with it, I fear it will come about
despite us and by violent means.
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THE IMPORTANCE OF PERSONNEL RESEARCH TO THE AIR FORCE

William B. Kieffer
Assistant Deputy Chief of Staff, Personnel
Department of the Air Force

When 1 was invited to speak before this group. 1 accepted very
quickly. You gentlemen are working in an area in which I have a
very great interest-an interest engendered from three basic causes:

First, | am a user of your product. Every day .n my business 1
am faced with the need to make decisions and 1o give advice on
problems and situations where all of the pertinent basic factors
which should be taken into account are not clear and where basic
factors which would be helpful to the consideration at hand are just
not available, As | hope to bring out later. our effectiveness in
managing our people hinges on techniques and procedures which
have been developed as a result of personnel research accomplished
in the past. We users need your help.

Second, I am a sponsor of personnel research. 1 am conscious
of the large resources in manpower and money which the Air Force devotes to this activity, and 1 feel the

need to do my part to assure that these resources are expended wisely and to ends which are useful in the
real world.

Third, 1 am a human being and have a natural interest and curiosity about my own kind which

For these three reasons, then, I welcome the opportunity 10 express some of my feelings, beliefs, and
attitudes toward personne! research and to make my observations to a group who re knowlzdgeable and
will understand.

Several weeks ago as | began to organize my thoughts in preparation for this talk, I found chat they
were difficult for me to articulate. The subject is complex. I found myself with intuitions whicii were
difficult to rationalize. My view of your complex profession is necessarily limited: my knowledge,

incomplete: and my judgment, fallible. In short, I am conscious that I am only one of the blind men
describing the elephant,

One of the definitions of research is that it is a critical and exhaustive investigation or
experimentation hz +ing for its aim discovery of facts and their correct interpretaiion. In my experience, it
is much harder to find a man with the facts than it is to find a man eager to interpret such facts as may be
available. 1 continually find in myself and others a tendency to interpret partial facts and jump to
questionable conclusions.

My first message to you, then, is that ! strongly feel the need for many intelligent, patient, thorough,
and hard working fact-gathers in the personnel resea-h community.
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Frair Mende) was 2 man willing to spend his life in lorg, tedious experimentation and fact-gathering
over a period of many years, Our basic understanding of the laws of genetics grew from his painstaking
efforss, and e greatly entiched our understanding of the nature of life. But this result only came sbout
because he was willing to spend the bulk of his days performiig painstaking, repetitive tasks. We need
people like Mendel,

What is the specific importance of personnel research in the Air Force? It is trite to tay that people
are our most important resource. But, nevertheless, It is true, Let me talk a little about the Air Force and
some of its characteristics a5 seen through the eyes of an Air Force personnel officer,

First, contrast this most modern of fighting services, the United States Air Force, with the fighting
services of the past. In the armies of the past-from Alexander's through Grant's and Pershing's-virtually
100 per cent of the members were fighting men. Only & few basic skills were required. The emphasis was on
leadership and courage in the face of the enemy. Every cook and wagon driver was prepared to drop the

tools of his support trade. pick up his weapons, and participate in the fighting. Logistics problems were
straightforward.

Contrast these organizations with the United States Air Force, Here is the most powerful military
force the world has ever seen-and yet, of its 1.2 million people only 2 or 3 per cent can properly be
characterized as fighting men, These few ate the combat aircrew members who man our fighter and bomber
sircraft. These aircrew members would be helpless, however, without the large numbers of support
personnel who set the stage for their actions.

The multiplicity of tasks performed by this great force of people-and the variety of skills which are
required of them-are such as to pose to the Air Force problems in personnel planning, complications in

personinel training, and requirements in personne! management which are unprecedented in any present or
past military organization,

We need jet pilots and master bakers, helicopter mechanics and policemen, bulldozer operators and

teletype repairmen, personne] clerks and photo interpreters, ordnance disposal technicians and reseasch and

development specialists, language teachers and electronic technicians, and so it goes.” ~ -

1 have painted a picture of an Air Force consisting of & vast number of airmen, officers, and civilian
employees with a great varicty of different skills.

Let me describe a second characteristic of the Air Force, Its requirement for people in terms of
numbers and skills and locations changes radically and on very short notice. These large-scale changes result
from changes in force structure and in deployments, which in turn result from s rapidly flowering

technology and from changes in the world’s internationad political situation and in our Government's
evaluation of the threat,

B-47s give way to B-5& and B-52s; Snarks and Atlases give way to Minutemen;, bombess and
interceptor squadrons give way to new fighter-bomber squadrons; forces shift from one part of the globe to
another; bases close and others open; old communications systems and command and control systems give
way to new. DeGaull: invites us out of France, a critis requires our presence in Lebanon, in the Berlin
Corridor, in Korea, over Cuba, in the Congo, and in Southeast Asia,

It is people who must respond to these ever-changing demands. Man is a tough and flexible creature,
capable of adjusting to remarkable degrees of changes and of responding to remarkable challenges.
Nevertheless, there are limits. Some lead time is required for training to new equipment and new tasks, for
travel, for rest and recreation, for family care.
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Where lead time is inadequate, we pay in terms of effectiveness. It becomes an important task of
mansgement to forecest and make provisions for changes and to make persoane! plans which will permit us
to sccommodate them effectively with minimum disruption and hardahip among our peopls.

Now a third and last charscteristic before [ gut to the subject of personnel ressarch. Our personnel
force is characterized by rapid tuinover. Thres out of four ainnen who join the Aiz Forcs make their
contribution and dspart within four years. More than half of the officers do the samw. By the end of fiscal
year ‘67 more than 31 per cent of our airmen and 25 per cent of our officers will have less than two yean
of wrvice. During the course of the current fiscal year, our roughly 850,000 militasy pérsonnel will
exporience almost 700,000 permanent changes of station.

All of this, the size »nd variety of skills, the changes in force structure and deployments, and the
turnover within our force means that we must have the best of leadership—civilian, officer, and NCO
leadership—wise, understanding, knowledgeable, stable, flexible, strong, and capable leaders. Secondly, this
leadership must understand the human material with which we work-men and women—and employ the best
possible techniques in recruiting, classifying, training, assigning, disciplining, promoting, and otherwise
managing their activities.

Here is where persorina! risearch can and does play an important part-a part which is more than ever
needed-and where improvement in performance promises 3 big payoff.
What do we need?

First, we need improvemnent in recruiting techniques to permit us better to idsntify the young men
most likely to be productive in the Air Force and better to motivate them toward carcers in the Air Force.

Second, we need better methods for screening applicants for service as airmen, officers, and civilians
of the Air Force in order t0 identify and reject those who do not have s reasonable chance of success in the
Air Force, In this connection, of course, we have developed through the years our qualification and

aptitude tests, and we have clearly identified and verified their validity in indicating the percentage chance

for success of an individual. Additionally, we have data which makes it clear that if a young man is a high
school graduate his chance for success as an enlisted man in the Air Force is much greater than if he is a
dropout. Correspondingly, we know that a young man's chance of succest as an Air Force officer is better if
he is a college graduate than if he is not. Nevertheless, to date our tests are imperfect. We know that we
accept many who fail and reject others who would indeed be successful, if given the chance. The problem
of more refined selection tests and procedures is with us, and much progress has yet t0 be made.

At this point [ would like to digress for a moment to talk about the impact on our work of our
program to increase the numbers of individuals of lower mental categories who are accepted into military
service. 1 am sure that nune of us would regard with favor a program which results inevitably in enlistment
into the Air Force large numbers of individuals who are doomed to failure. A young man’s chance for
success in life would likely be reduced rather than increased by a short experience in the Air Force,
characterized by frustration and ending in separation as unsuitable or unfit, The challenge for us is to find
means of identifying those individuals in the lower mental categories who can be made successful in the Air
Force and, once they are in the Air Force, to so classify, train, and manage these people as to give each one
the greatest possible opportunity in fact to succeed. This will be no easy task.

Third, we need to build on the past and improve our methods for classifying our new people and
directing them into those areas of Air Force activities where they are likely to be most productive. The old
“stanine” tests, devised for sircrew selection a quarter of a century ago, convinced us all that it is possible
to realize great benefit from the use of aptitude tests. We have gone far since those days, but | am sure that
no one thinks we are near the end of the road.
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Fourth, we need research and experimentstion 'eading to better techniques for training and
cross-training of our people. Programmed learning techniques and the use of television and computens in
education promise to improve our effestiveniess & raining.

Fifth, we need better techniques and procedurss for evaluating our people 3o &s to identify those
most worthy for increased responsibil.ty and promotion and to identify individual aress of weakness which
can be addressed and corrected.

Sixth, we need bettsr methods of forecasting our requirements for peopls. Same work has been

-started in this area’ Computers are being used to study force structure mode’s which promise to help us in

our forecasting and pertonnel planning tasks. We are, of courm, only in our infancy in the use of this
technique, but certainly, personnel planners of the fiz:ure will profit greatly from it. A difficulty here, of
course, is that of quantifying human emotions and predictive attributes for simulation and/or costing on a
computer,

Seventh, better systems are required to match the man in the Air Force to the job in the Air Force.
This implies that we must have detiiled knowledge of the capabilities, experience, skills, and desires of each
individual in the Air Force. Supplemental to this we must have better and more knowledge of the actual
skills required,

Of obvious value is the use of punch card accounting systems (PCAM) and elacironic data processing
systems (EDP) to keep track of these complex data and to present them in ways useful to the personnel
manager. Just a few miles from here at Randolph Air Force Base is to be found the heart of the new dxta
system for the managing of Air Force personnel. The changeover of this data system from ‘nefficient
time-consuming hand operations coupled with manual reports to computer tapes and EDP is virtually
complete. Much, however, remains to be done in the refinement of the system. Our next major milestone
will come in 1968 when we hope to replace our PCAM equipment with computers t basedevel. As we
become more expert in the use of these modern tools we shall be able to use our personnel resources in
ways more effective to the Air Force and more satisfying to the individual,

Eighth, to go along with improvements in cur management system, we nead to better our

____understanding of human psychology. We must manage the careers of our airmen, officers, and civilian
employees in such a way as to give each individual the maximum possible opportunity to develop his -

capabilities to contribute to the Air Force and to experience a satisfying life for himself. Each should have
an opportunity to serve in the optimum mangner consistent with his capabilities and his reasonable
aspirations. Here we are getting into an area where I must sound a note of caution,

It seems to me that we suffer from a plethora of what people call “attitudinal surveys.” I am one who
believes that you can tell more about a man by observing what he does than you can from listening to what
he says, particulatly if he says it in the context of an anonymous, andoften timespoorly conceived and
uninteresting questionnaire. it has been my lot to review many questionnaires circulated among segments of
our Air Force population by many different groups of people ranging from individuai researchers
circulating questionnaires at their own expense, to indivittual sections of the air staff, and to contractors to
the Air Force. Frequently, these questionnaires contain questions with built-in answers, questions which are
offensive, questions which can be reudily interpreted as an iitvasion of privacy, questions which appear
useless, questions the answers to which are readily available elsewhere, and so forth.

Behavioral science s, of course, a science, but it is a science in which it is extremely difficult
separate the wheat of real scientific value from the chaff of shatlow observation.

* The start of this program is referred to in Colonel Ritter®s review of Ait Forcs personnel resesrch.
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{2t me quote from s statement to the House Appropristions Committee by Di. Robeet L. Sproull,
former Director of the Advanced Research Projects Agency: 1 might add this is a very difficult field in
which to be sure oue is sponsoring only high quality work,...It Iy a field in which it is very difficult indeed
to tell the articulate Iinguist from the really promising scientist.”®

Again, from the same report of a recent hearing of the House Appropristions Commiitee: **Some of
the aress of study being puriued in bohavioral sclences sppeir not 1o oilei aily 1eal Prounis ol providing
usaful information, Other studiey appear to be toncerned with trivial matiers on which intelligent people
should not require studies in order 10 be informed...."”

All of us need ic know more sbout ourselves, our people, and their motivetions—-more about why we
behave like uman beings and just how we can be expected to behave in varying situations. The behavioral
scientist promises to give us answers to these difficult questions and to give us insights which will help us in
our problems of morale, motivation, procurement, and, most importantly, retention,

We think we know those factors whith motivate the Air Furce individual the most: pride in himself
and the organization; satisfaction in doing something which he knows to be worthwhile and more valuable
than merely eaming a living; the prospects of a good career; fair trestrn.ent and faith in an otganization
which appreciates him as an individual-these [ believe are the great motivators of Air Force people, A fais
break in pay, housing, recreations! facilities, commissary, medical services, and so forth, all play their part,
but the overriding factors are more moral than physical,

We do need from the behavioral scientist, however, help in showing how we can increase the capacity
of the Air Force to inspire and to appeal to people in these moral aseas. | am confident that this help will
come, particularly a3 the communications improve between the behavioral scientist and the users of his
developing knowledge of man,

In my job 1 am always hurting for lack of facts about cur forces today and the history of our forces
in the past.

I get back to Mendel-we need a large collection of facts. For example, how many officers with
engineering degrees came into the Air Force in 19567 From what sources did they come? What were their
aptitude scores? What did they study in college? How many became pilots and navigators? To what caresr

fields were the others assigned? How many were offered regular commissions? How many accepted? How - - - —— -

many were given Air Force Institute of Technology (AFIT) training? What grades have they reached? What
efficiency records have they gained? What has been their year-by-year attrition from the Air Force? What
have been the causes of this attrition? And so forth,

We need to know more and more facts like these. Happily, we have computers to help us, and these
promise to help us even more in the years ahead, Unhappily, however, the work of collecting these facts is
more laborious and in some ways less interesting than some other aspects of the work of personnel research.
Nevertheless, from where | sit, this collection of facts is our most crying need in the personnel research area
at this time,

Let me touch now a final aspect of our personnel mission to which properly conceived reseaich can
contribute,

* Heuse of Representatives, Report No. 528 to accompary H.R, 9221, DoD) Appropriation Bill, 1966,
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in the development of all of our weapons and support systems, we must assure that our hardmrg
developers keep cleatly in mind that people will have to maintain and operate the equipment that is
developed. This meani not only in relatively simple matters, iich & that the canopy should be designed in a
way that the pilot can hold his head up without hitting it, und the lastrumentation should be designed,
mounted, and displayed in & way suitable o the human operstor, but also that the long-term costs of
maintenance gnd vperation of the system should be considered against various options in the design stage.
Sometimes more expensive equipment in detign and procurement is less costly in the long run because it
will take fewer people of lesser qualifications to maintain and operate it.®

As is well known, we face great problems of communication in many aspects of our lives, This
problem is most significant in the vital coordination between personnel researchers and the users of their
products. This communication, of course, is 1 two-way street, | am sure you will agree when [ say that we
users have not communicated our needs to the research community as loudly and cleasly as we should, The
researcher on the other hand has a great problem in expressing the results of his research in such ways that
the user can understand it and employ it. All of us must dedicate ourselves toward the improvement of our
mutual communication,

In cloting let me state this fact: Every dollar that is appropriated for and spent by the Air Force goes
into someone’s pocket. More than §5 billion each year goes into the pockets of our military people.
Another 52 billion goes to our civilian employees. More than $i4 billion goes into the pockets of the people
who sell us the goods and services we need to uperate, People are expensive.

The pertonnel research community has contributed heavily in the past to the improvement of our
understanding of this complex, precious, and indispensible resource. This research has helped us to use our
people in ways more effective for the Air Force and more satisfying to our airmen, officers, and civilian
employees. | know that the personnel research community will contribute even more heavily in the
unknown but challenging future.

e ——————————t

* Human eaginecting studies in the Air Force emanate chiefly from the Behavioral Sciences Laboratory
at Wright=Patterson AFB, Ohio.
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A LOOK AHEAD IN USAF PERSONNEL RESEARCH

Eugene T, Ferraro
Deputy Under Secretary of the Air Forcs for Manpowir
Department of the Air Force

1 am gratified to have been invited to share in marking this
twenty-fifth milestone of performance by a very significant resource
organization of the Air Forge,

While I am a relstive newcomer to the ser i ¢ and to this field
of endeavor, I have come to know many ¢ - vine officers and
professicnals of the Personnel Research i.boratory from my
previous visits. 1 have gained a high regard for their work and an
appreciation of their potentis! for vital contributions at @ critical
time.

This is a time of crisis~a crisis which is, as yet, clear only to a
limited audience. But it is sn asudience which has direct
responsibility. We face today a critical deficiency in skilled '
manpower, particularly in certain age brackets. This deficiency has an zmpact on the whole national scene
and threatens our capacity to meet national objectives—industrial and social as well as military. It is
especially critical in the Air Force,

The Psychological Research Unit, the predecessor of the Personnel Research Laboratory of today,
was bom during a period of crisis. Its pionetr effort in personnel research helped the United States to meet

" the tremendous challenge of World War II and pointed the way for more effective use of our training

resources to meet the vast aircrew requirement of that era,

In July, 1941-only six weeks after the first research project was begun—testing was started to collect
data on pilot aptitude. By December of 1941, these tests were being used as the basis for a classification
system for pilots and other aircrew members as well, These Stanine tests, developed through personnei
research, have been called one of the major contributions of the Army Air Forces in World War 11, And
they were only one of the many innovations which have resulted from personnel research during the last 25
years, You know better than | the many areas in which the Laboratory has pioneered.

Our past concern hns been largely with selection and classification test development, that is, efforts to
predict training performance and select the peog.e with the best aptitude for the skills we required. Today,
we face a new challenge-the challenge of creating aptitude and of molding the available manpower resource
into 2 usable and useful resource. It is a challenge that will demand our most imaginative efforts.

It is no longer enough for us in the Air Force 1o determine our needs and go out looking for the
manpower to meet them. The manpower is simply not there in the types and quantities to meet all the
requirements of all users. There is no shortage of what some of my military associates call *warm bodies.”
But “warm bodies” are of little use unless they have or can be taught the skills necessary to meel our
requirements. It is the resource of trained or trainable manpower that is limited. And we must compete
with industry, the other bianches of the military, and the many levels of government-all of whomn have
need for the same high caliber people.
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Futhermore, sl too often, the psople whom we have trained succumb to the enticermants of higher
puying jobi with ow competiton it the manpowsr market. This incresses our training costs by lorcing us to
train ceplacernents on a continuing basis, snd this is especially true in the critical comiplex-akill srems,

The cost of training itself I3 ever riving. in 1952, it codt us 3800 to give trining 8 akicrafl
maintenance fundamentals, Today the same course of training costs us $2,520. The cost of training in
Electronic Maintenance Fundamentals has risen from 2 1952 price of $1,040 to $3,420, Part of this stems
from the general sise in cost of tiving, but a farge part of the incresse is due t the increwsing complaxity of
the hardware we use in the Alr Force.

This complexity factor also requires the training of more individuals. The total number of specialties
in the Air Force manpower inventory has risen from 285 in 1945 1o 818 today. In 1945, one in three of
these skills was electronics, mechanical, or technical, Today, the proportion is one in two. As an example of
how skill requirements have increased, it took eight men to keep a P47 flying during World War 1. The
F-111 will require sbout 25 men~more than three times as many.

A further complication is that skills become obsolete at an ever increasing pace. For example, no
sooner did we get the fisst Atlas in its silo than we were training for the Minuteman. Our principal fighter at
the moment is the F-4, but we are concerned with training to meet the skill requirements of the F-111. We
are currently operating C-124s while we complete the training of our airlift crews in the C-141. This never
ending cycle-the constant demand for new skills and for the refinement of old skills—creates a need for
continual training and retraining of the manpower that is available. New methodology for quick, effective
retraining is a must.

The limited manpower resource, rising costs, our increasing requirements, the growing complexity of
weaponry, and the speed with which change breeds change-all these factors impel us to plan shead. We
must anticipate our needs 3o that the manpower sesource will be trained to meet the requirements of the
future, Our efforts must take advantage not only of our in-house capabilily and resources, but also of the
tpirit- and fact-of cooperation which exists now throughou: the Depariment of Defense, throughout the
Government, and throughout the nation. All segments of our national institutions must share their
knowledge and pool their abilities to solve these national problems.

We must move forward from the base of past accomplishments to rebuild and encrgize our research
efforts so that we can anticipate our requirements and develop progeams, which will mieet them. More than
ever before, we need research which will help man work with man, help machines work for man, and help
man live with himself,

The Air Force has consistently been a leader in the field of perronnel research. Regardiess of this fact,
however, 1 do not believe that our concern with personnel research has been commensurate with the need
for concern. Our Personne! Research Laboratory should and will rcceive greater attention. This capability
must be used to its fullest advantage for the benefit of the Air Force and the nation,

1 visualize this Laboratory as a central focus which will unify our Air Force research efforts in the
manpower and personnel area, | believe that we must strengthen the position of the Laboratory as an
essential program element within the Air Force and the Depariment of Defense, that we must continue to
enhance the stature of the Laboratory in the eyes of the professional world as [} whole.

1 intend to take an active interest in the sctivities of the Personne! Research Laboratory, ! further
intend to assist you in obtaining the support and recognition you need to do the job which the Air Force
requires-support in funds and other sesources. And, | will expect results from you In return.
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1 will support your efforts to insurs that a certaln part of the total effort will go into basic research, |
will also expect the Labomatory to furnish consitant services ss necessary to mest the pioblems of the
current day,

In order to accomplish our objectives, we must Keep the channels of communication open and
flowing batween the Laboratory and ail ehements of thw Ait Force and the professional community, This it
particulatly vital a3 it pertaiiis to commuinication with my oifice where policies, developed 23 a result of
your research, must ultimately be reviswed and decisions made on their implementation.

The manpower challenge of the present and the future demands that our research effort give special
sitention 10 motivation, especially s it relates to education and training. Only part of this problem is the
responsibility of the Personnel Kesearch Laborstory, but it is a vital part.

Qur research effort must include a focus on imaginative concepts in the trammitisl of idess, facts,
and knowledge nmong people. And our research workers must become increasingly interested in the
interface between ressarch and application. Researchers must visualize and undersiand the problems and
practical considerations of the real world of the masagers and operators who apply the findings of research,

Research must be » part of=not spart from=the efforl to improve the training anid utilization of the
manpower resource, This is particularly true when it comes to training. The program teams, the managers in
the Air Training Command must have access to the reports of current résearch.

1 am looking to this Laboratory for some real breakthroughs as a result of research analysis of the
valuable data the Air Force has collected. We have traced the careers of our people with minute attention to
detail, Vast amounts of these data are avaflable. But the data have no value while stored away. They have
value only if we use them, make them more usable if possible, re-evaluate our methods of collection and
storage to enhance their value. The solution to many of our problems may he walting for us right here.
Let's not get behind on this one.

While | hurl these challenges so freely, 1 am awase of the efforts that are currently in progress. Right
now, we have many projects underway or in develop.nent:

* A methodalogy to identify what people actually do on the job, s methodology which can be used to
restructure technical training for optimum results.

Utilization of pre-service adjustment and performance information in selecting airmen for

high-risk jobs.

Analysis of the force structure, evaluation of the impact of personnel policy changes on
procurement, motivation, and retention.

Use of assignment and classification models to maximize utilizstion of our available
personnel resources.

Identification and selection of low-aptitude groups with the greatest potential to develop
skills in service.

In conclusion, I want to emphasize the growing importance of the research function as 3 part of Air
Force manpower and personnel mansgement. Research has been 8 basic element of the systems engineering
approsch we have applied so successfully in other Air Force areas such as research and development,
prucurement, and logistics, Now as we intensify our concern with manpower matters, as we optimize ous
operatinns in this vital ares, we must apply the same systems engineering approach.
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We must deternuine the methods that will fit the menpower resource to the ipecific needs of
serospace powet, We must alio determine how military strvice can serve society by knproving the national
manpower resource t' wgh education, training, work aftitudes, skills, personal sdjustment, etc. The
pattam of the now Jook ln the manpower ares is just beginning to emerge. It is not my design wone but s s
part of the largér effort of all the armed services. Careful planning and months of consultation have
preceded the steps v hich are row being taken.

My office, that of the Deputy Under Secretary for Manpower, is just beginnlng to emerge its
maetamorphic state and Sake on a new being. We will provide the fucal point for all metiers telating to the
manpower &nd personiw] affain of the Alr Force, This includes military, Government civilians,
not-for-profit employess of the Alr Force, andt defense contractors,

In a very real sense, we provide the principal interface for the Air Force on problems of manning for
its tasks~the interface between the resources avallable and the techniques of utilization, With resources
limited, the demands upon ressarch to improve utilization become more intense. With your cooperation
and support through productive research, we will open the door to new jdeas, éspecially tmaginative ones
that could lesd to new breakthroughs in more effective use of people.

The 25 years of productive research effort which we recognize today represents a record of which
you and all of us in the Air Force are proud. Let us work together so that the coming years of maturity
shall be the creative years that the Air Force needs.
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A FUTURE LOOK AT PERSONNEL RESEARCH

S. Rains Wallace
American Institute for Resegrch

Ladies and gentlenion. 1 would like to point oul to you that |
have a certain problem. | would suspect that approximately 25 per
cent of the people in this room have said to me, “Rains, it's been a
long meeting, keep it light, give us some anecdotes, give us a little
nostalgia. You know, do a little buck and wing." The other 75 per
cent of you have said more direcily and more to the point, “Rains,
what time does your plane leave?" It reminds me of the story having
to do with a young subaltern recently out of Sandhurst who was
assigned the task of drilling a platoon in close-ordes drill; he started
out rather reluctantly but soon began to gain confidence. There was
a precipice ot one end of the drill field, and here was the platoon
marching toward it, He froze absolutely, couldn’t think of a thing to
say, while the beautifully drilled platoon continued toward the edge.
Just before they reached the precipice, one file leader tuned his head just a little bit and said. “Do say
something, Sir, even if it's only goodbye,"”

You know, il is interesting that that story should have come to mind because, of course, it is a
military story and 1 have been a little bit distressed ever since Launor Caster~ am sorry he is not still here
to defend himself-talked about the difference between the military and the civilians. ! want to tell you that
we who were involved in forming-the Laboratory are just about as military as any group of people van be,
In fact, none of you has ever seen such military as | saw as a first lieutenant walking one pace behind and
one pace to the left of Captain Meredith Crawford, Captain Eddie Ghiselli and Captain Philip DuBais, all in
sun helmets, Military was military. As a matter of fact, they tell me that I wus rather military when [ first
jolned the Laboratory, and that's not surprising because, while | don't ofien admit this, I am a graduate of
Morgan Park Military Academy for incorrigible boys. 1 am also a living example of the fact that Lioyd
Humphreys hasn't looked at the right data. There are reliable predictors, and I am an outstanding example,
I kad gone to a military academy, and so when | received the telegram that said “You will proceed.” |
thought, “When | report to Kelly Field, 1'll do it right-uniform and all." 1 went down and bought a
uniform ana, upon arrival at Kelly, reported to the post adjutant-which surprised him. I also asked for side
arms because, in my day, you reported under side arms for duty. That surprised a lot of people. Finally, |
found the Laboratory, walked in like a troop of cavalry, and reported to Major Robert D. Rock who has
never been able to speak to me since. ) was, in fact, the very mirror-image of & military officer, | say
mirror-image becanse, as Bob Murphy gently pointed out 10 me about two or three days later, al) my
insignia were reversed,

But let us get back to our Chainman, Dr. Eddie Kemp. | was asked to do a little reminiscing and tell a
few anecdotes, | think there's one anecdote that must be told ahout young Major Kemp. There was a time
when Major Kemp was transferred to Midland Air Force Base which had be¢n, among other problems,
confronted by a Pentagon decision about what to do with bombardiers who had completed their tour with
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the Eighth Air Force. Send them to Midland Air Forvr Base. The bombardicrs did not appreciate this nor,
I'm sure, did Major Kemp, But, there they were, and they were rathei unhappy as Major Kemp discovered
when he was made Offices of the Day. At approximately two o’clock in the morning, he got a call
from—shall we say-a nightclub They had a young bombardier licutenant who-shall we say-had become
somewhat intoxicated and had also found that things were rather stuffy and warm. So he had removed all
of his clothing aad was prancing around in the nude, Well, the only thing the owner could do, of course,
was to call the Officer of the Day. Major Kemp decided that he had better go vut and try to solve this
problem. Major Kemp went to the rescue. But, on his way back, driving in the jeep with the yuung
lieutenant, he thought to himself, “Wsll, what »m [ going to do here? I've got to prefer some kind of
charges against this chap because he has done the ....” At the same time, as I say, Major Kemp was a wise
and understanding, participative sort of-well, anyway, what to do? You have to put this man on charges,
how do it without getting him into real trouble. He solved the prcblem with his usual intrinsic brilliance.
That young lieutenant was charged with being out of uniform.

You know, I recalled when Bob Murphy was telling about some of his problems in his early days that
as a result of the numerous losses of platoons somebody got the idea of putting name cards on them. Just
about that same time, there was a really brilliant idea—actually, I think the Navy first fomented it or
supported it, and it seemed to come somswhere between ihe whee: and the internal combustion engine. |
mean, it was a great thing. It was called the Renshaw method of identification of aircraft, For those of you
who don’t know about it, let me say this. The idea was that you just sat these kids down, {lashed a picture
of an airplane for one-sixtieth of a second, and asked them to identify it. So they would sit there, and the
trainer of the group would say, “Ready? Now!” The picture would flask on for one-sixtieth of a second,
and they were required to write down what kind of aircraft it was. Strangely encugh, some of the aviation
cadets didn’t enjoy it. In fact, there was an incident, one of the great moments I think in the Air Force
program, and I like to think that the trainer was Bob Murphy. Anyway, here’s a youny aviation cadet and
there is Bob. He is saying, “Ready? Now!” Flash it on for one-sixtieth of a second, write it down. Finally
the cadet can stand it no longer. He takes his pencil, throws it across the room and shouts, *“Nuts to it, I'll
be no more part of it,”” At which point Sgt. Murphy goes to him and says, “Mister, what’s your name?” The
kid looks at him:, covers his badge, and says, “Ready? Now!”

Well, I'm supposed to say a few serious things. There are some serious things I guess I would like to
say, “Ready? Now!”

I have been fascinated in listening to this collection of, I use the word advisedly, old pros in the
personnel research field talking about their interest:, their conceptualizations, their approaches to our
various problems. Let me use just one example. There’s been a great deal of talk about computers,
understandably enough, throughout this program. But it fascinates me how differently our speakers have
talked in terms of what we're going to do with them. Brokaw emphasizes their aid in moving us from an
atomistic to a holistic approach. Kossack is interested in their application to personnel utilization models.
particularly their vmployment in advance weapon systems. Leiman is interested in personnel utilization but
after hearing his speech, I've decided what he really wants to do is to replace Sir Thomas More with
computer. Launor Carter sees the computer as giving us potentials that are inherent in the individualizatio
of personnel actions. Fields likes to talk about the estimation of qualitative, quantitative requirements,
early research, and the development cycle of weapon systemc. Qur host Laboratory is sold on
policy-capturing and occupational structuring and, in all honesty, the dav | had to write an abstract to
qualify to get here I got kind of fascinated with what we _ould do with computers in texms of analyzing the
work situation as an aportant varisble in the things we are trying to do. So it seems apparent to me that
we may be looking and groping at the same elephant, but we are certainly seeing different things, and sir.ce
what we see, even as we  ~view the past and survey the present, has immediate implica.ions for the future, |
suggest to you that it for,.  hat one man’s prophecies are another’s inconsequentia,
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You know, the programyou b:  .eard here does a much better job of looking into the future than 1
could possibly do for you even if I ¢ given unlimited time-and my plane does leave fairly soon~so I'm
not moved to take whatever remar  ° might make from now on very seriously. I would urge you to use
similar restraint. 1 am going to try > throw out some points very rapidly, both in the interest of time and
to increase your difficulty in tear..y them apart. Perhaps 1 can serve to remind you of some of the aspects
of the future which your own thirking may have neglecied, or which you may have missed from some of
the speakers that we have had in this outstanding program.

I do want to say one other thing before | dash into my crystal ball look. I'm going to address myself
from here on to general questions of personnel research or of psychological research because the history of
this Laboratory is not only a history of Air Force research but of psychological research generally. I don’t
believe anyone really wants this Laboratory to address itself only to specific Air Force requirements
because its history has been one of contribution to the general field, the general science of psychology. We
have here with us tuday, Dr. John Flanagan, who started this program and had this in mind throughout.
While a great deal has been said and should be said about Dr, Flanagan's contributions to this program, let
me point out that in the process of contributing to it he also found and contributed to the training of most
of the top research psychologists in the United States today. There are some notable exceptions which |
shall not mention. So, I am going to talk more generally because I think it is in the tradition of this
Laboratory, thanks to the vision that John Flanagan had back in those days, and I hope that it is a tradition
that we shall not forget.

So what is the future? Where are we going?

I'm going to suggest to you that one of the things we are going to do with the computer is to find out
mote about the situations in which people work, and Lloyd Humphreys has pointed out that probably this
set of variables is more important in the prediction of human performance than any of the sets of variables
that we are looking at now,

_ The second thing that | would suggest to you is that we are going to have sume new ideas about

job-structuring. We started out in a rather elementary and, I think, a rather naive way, | think we are getting
a little more sophisticated about it. [ think that the next step in job-structuring is going to be the
recognition that job structures and interpersonal relationships are in and of themselves together, and we
must look at both sides of that coin as we structure jobs.

I'm going to suggest, thirdly, that it is time that selection and training research got togethes again.
They used to be together. They have been separated now for some years. Somehow or other we have to get
the individual differences boys and the experimental psychology boys together again to look at the problem
of selection, training, and classification in joint context, ] think that we are going to start talking about
validity again in relationship to training, and it's about time. We used to do this, and we have forgotten it
somehow. 1 think we are going to have to spend a lot more time, as this Laboratory is doing, in the
development of better performance taxonomies. In fact, what I am saying here is what Fleishman has been
saying very well, and it is time that we listened. I agree with Lloyd Humphreys that we must find out more
about our test and predictive theory and stop worrying too much about the personalities we are testing.
Lloyd frightened me a little bit with his talk because I thought maybe he was saying, “Let’s just stop
thinking about theory,” but I discovered that indeed we are on the same track. Let us think about the
theory of validity and what we mean by it, rather than theories of personality and what we do not mean by
them. 1 think we are going to have to be more and more interested in problems having to do with the
selection, the training, and the assignment of second-level management, both in the Armed Forces and in
business and industry.

181




ey -
A ! .

We talk a great deal about retention in the Armed Forces, In the old days, we used to talk a great deal
about murale and motivation, and we had many studies of these problems. [ think we know a lot more
sbout this kind of problam and about new ways to approach it than we knew then, but somehow or other
we have ps.. it urder the rug. I suggest to you that the future will demand much more attention to the old
problems o’ morale, of motivation, of what keeps people interested in jobs, of how you keep them in jobs,
snd of how you compensate them. You know, money is still an important part of our society. 1 think we
need a return to this kind of interest.

Finally, we must recognize that there are problems confronting personnel research that we have never
scen before. There are new kinds of people that we must be looking at, new kinds of problems that we must
be thinki~s about. We must be thinking about the transfer, for example, of personnel techniques across
both nationsl and international cultures. This is becoming 3 more and more urgent problem for
consideratio.. We must understand better the relationship between what we do in selection and
classification and how this is related to what we do in training. We are going tc have to accept the fact that
somebody is going to have to select and train people to work with many, many different populations in
many, many different ways. Perhaps Dr, Leiman is right, but if he is, we have got a really difficult and vast
job to do. It’s nice to be here and to know that there are the kinds of peopie represented here who can face
up to these (:zoblems.
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